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ABSTRACT
Identification of High “Risk” Pedestrian Locations
by
Vinod Vasudevan
Dr. Shashi Nambisan, Examination Committee Chair 
Professor of Civil and Environmental Engineering 
University of Nevada, Las Vegas
In order to identify appropriate countermeasures to improve pedestrian safety, it is 
necessary to identify those locations which pose high risks. The objective of this thesis is 
to develop criteria to identify high “risk” locations for pedestrian safety on roadway 
networks. These high “risk” locations were identified based on analyses of crash data. 
The crash locations were ranked based on several factors such as crash severity, age 
group, characteristics of pedestrians involved in crashes, and indicators of traffic and 
pedestrian exposure. Criteria were developed such that different weights were given for 
age groups of pedestrians involved in the crashes, and for traffic volume. These 
developed criteria are to assist transportation system managers to better understand the 
causes of crashes and to identify appropriate design and operating strategies to enhance 
pedestrian safety. Crash data from Clark County, Nevada, were used to develop and to 
validate the proposed methods to identify high risk pedestrian locations. The results 
showed that the top 10 high “risk” locations remained almost the same irrespective of the 
method used to rank the locations, which is indicative of the robustness of the methods.
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CHAPTER 1
INTRODUCTION
Objective
The objective of the proposed research is to develop criteria to identify “high risk 
locations for pedestrian safety” on roadway networks. This is to assist in developing 
strategies to improve pedestrian safety. These high “risk” locations were identified based 
on analyzing crash data. The crash locations were ranked based on several factors such 
as number of crashes, crash severity, pedestrian exposure to vehicular traffic, and 
characteristics of pedestrians involved in crashes. Criteria were developed such that 
weights were determined based on causes of crashes, age groups of pedestrians/drivers 
involved in the crash, location, and time of crashes. The developed criteria would assist 
transportation system managers to better understand the causes of crashes and to identify 
appropriate operating strategies to enhance pedestrian safety. Data from Clark County, 
Nevada were used to develop and to validate the proposed model.
Background
According to the National Highway Traffic Safety Administration (NHTSA, 
2003), over 4,808 pedestrians were killed in motor crashes in 2002. This amounts to 
thirteen pedestrian fatalities every day of the year. Injuries involving pedestrians 
exceeded 71,000 in 2002. Compared to 2001, when a total of 4,882 pedestrian fatal
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
crashes and 78,000 pedestrian injury crashes occurred in the United States, these data 
show a decrease in fatality rate of more than 1 percent. Approximately 11 percent of all 
motor vehicle-related fatalities are pedestrians. A comparison of these data with the fact 
that walking trips account for only 6 percent of the total trips, it looks alarming. On an 
average, in the United States, a pedestrian is killed in a crash every 109 minutes and one 
is injured every 7 minutes. These statistics show the importance of considering 
pedestrian involved crashes to improve the overall safety of the transportation system. 
There are no reliable data on the exposure of pedestrians to motorists. There are no 
records mentioning just how many miles pedestrians walk each year or how long it takes 
them to cover these distances. Yet, data from the Bureau of Transportation Statistics 
reveal that three-quarters of US adults (152 million) walked, ran, or jogged for more than 
10 minutes within a 30 day period. Pedestrian fatalities accounted for 85 percent of all 
non-occupant fatalities in 2001, while 13 percent of the remaining mere pedal cyclists. 
Skateboard riders, roller skaters, etc. accounted for the remaining 2 percent.
Records from US Department of Transportation reveal that 69 percent of 
pedestrian crashes occurred in urban areas. In 2001, 22 percent of all children between 
the ages of 5 and 9 years who were killed in traffic crashes were pedestrians. More than 
19 percent of all traffic fatalities under the age of 16 were pedestrians and 8 percent of all 
people under the age of 16 who were injured in traffic crashes, were pedestrians. Elderly 
pedestrians over the age of 70 years accounted for 18 percent of all pedestrian fatalities 
and 4 percent of all pedestrians injured in 2001. These records show that the age group 
of pedestrians is important in any analysis of pedestrian crashes. More than 55 percent of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
pedestrian fatalities occurred during the time from 4 pm to midnight. Similarly, 48 
percent of all pedestrian fatalities occurred on Friday, Saturday, or Sunday.
Alcohol involvement is one of the big contributing factors in pedestrian crashes. 
In forty seven percent of the total crashes involving a pedestrian, either the pedestrian or 
motorist were under the influence of alcohol. In crashes resulting in pedestrian fatalities, 
15 percent involved intoxicated motorists, 33 percent involved intoxicated pedestrians, 
and 6 percent involved both intoxicated motorists and pedestrians.
In order to identify appropriate countermeasures to improve pedestrian safety, it is 
necessary to identify locations those pose high risks for pedestrian safety. This should not 
be based just on number of crashes, but other factors must be considered. These factors 
include crash indices, pedestrian exposure to traffic, traffic volume, pedestrian volume, 
age group of pedestrians involved in crashes, road classification, and other demographic 
and socio-economic characteristics. Crash data from Clark County, Nevada, the fastest 
growing metropolitan area in United States during the last decade, were used to develop 
and to validate a reasonable model.
The Study Area
Several cities lie within the boundaries of Clark County, Nevada, but most of the 
population resides in the metropolitan Las Vegas area (Figure 1). The physical 
boundaries between the jurisdictions are invisible, creating a unified metropolitan area. 
The study area includes the entire urban and suburban area. Conditions within the study 
area are consistent with those to be found in many southwestern states, and in 
communities with a wide, fast street system. A history of high incidence of pedestrian
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
crashes has generated awareness in the multiple agencies that govern the area. The 
roadways in the study area are under the jurisdiction of the Nevada Department of 
Transportation (NDOT), Clark County, or the cities of Henderson, Las Vegas, North Las 
Vegas. The Regional Transportation Commission of Southern Nevada (RTC) and the 
Nevada Office of Traffic Safety (GTS) are other entities who have administrative 
responsibilities for transportation systems and transportation safety in the study area.
Development Patterns
The original downtown core of Las Vegas has been revitalized and transformed to 
a large casino pedestrian mall with two cross streets. With the partial exception of 
government offices and legal service offices, the gaming industry dominates the activities 
around this downtown. Streets within and proximate to the downtown area were 
reconstructed around the year 2000 to include curb extensions, some wide sidewalks, and 
landscaping, but the scale favors the motorized vehicle. Near the new mall, the homeless 
and the unemployed congregate near the day labor office and social services building.
Commerce sprawls out from the center and along Las Vegas Boulevard, known as 
the Strip. The Strip has evolved into one of the most recognizable and heavily traveled 
streets in the world. Designated as a day and night scenic byway, 14 of the 15 largest 
hotel complexes in the nation are located along this roadway. An estimated 90,000 
people stroll along the resort corridor every day of the peak season. The strip consists of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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a minimum of six lanes of through traffic. The sidewalks are typically crowded with 
people in a party mood while a myriad of attractions such as mock facades of famous 
cities from around the world and other entertainment activities compete for driver 
attention.
Old and new residential neighborhoods were built as suburbs, disconnected from 
any city center, commerce, or services. Many peripheral suburbs, such as Summerlin and 
Green Valley, are exclusive areas connected primarily by high-speed arterial streets. 
Some cater to the older population, while others attract young white-collar workers. 
There is evidence of a disconnect regarding land use patterns in the Las Vegas valley, but 
significant changes in current patterns are unlikely in the near future. New development 
continues to proliferate along the wide, fast streets that are the trademark of auto-oriented 
urbanity and the bane of pedestrian travel.
Neighborhood advisory boards and homeowner associations offer some sense of 
identity to some residential communities. But there is a less obvious, unique identity of 
place for residents in the City of Las Vegas and County areas than in other cities in the 
study area such as Henderson or North Las Vegas. These areas have better defined 
central areas and some geographical distinction at their boundaries.
The assets within the neighborhoods of the study area include various boards and 
associations representing the interests of the community. They also include a myriad of 
organizations such as churches, youth groups, schools, health care providers, law 
enforcement agencies, emergency responders, and committed businesses most of whom 
are eager to improve the quality of life for those who live, work, and shop within the area. 
These assets can be tapped and cultivated in an effort to combine neighborhood resources
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
with local and regional resources to improve pedestrian accessibility, mobility, and 
safety.
Population
Clark County, Nevada, which includes Las Vegas, has been the fastest growing 
metropolitan area in the country, with more than an 85 percent increase in population 
between the years 1990 and 2000. The County is home to 70.5 percent of Nevada’s 2.1 
million residents (2002 data). About 35 million people from all over the world visit the 
Las Vegas valley each year, creating a tourism industry and economic base for support 
businesses that lures an average of 5,000 new residents to the area each month. Entry 
level hotel/casino employment positions are abundant, but most start at minimum wage. 
These groups, who cannot afford to have personal vehicles, relies mainly on public 
transportation systems and are mostly pedestrians.
The Hispanic population in Clark County has grown from 11.2 percent of the total 
in 1990 to 22 percent of the total in 2000, with an estimated 1,200-1,500 Hispanics 
immigrating to the area each month. Seventy five percent of the local Hispanic 
population was bom outside of the United States, suggesting a language barrier and 
related limitations on transportation opportunities. The Latin Chamber of Commerce 
estimates that, by the year 2004, Hispanics will be the largest workforce in Clark County. 
Non-white residents, including African Americans and Asians, represent an additional 
17.8 percent of the total population.
About 11 percent of the population is over 65 years of age, and 25 percent of the 
overall population is under the age of 18 years. The number of children under 18 years of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
age in Hispanic families is significantly higher, representing 36.6 percent of the Hispanic 
population. These numbers reflect issues that need to be studied when developing 
treatment programs, particularly education and outreach campaigns. The culture of the 
Hispanic community and the needs of senior citizens set them apart from the majority of 
the population who often has easier access to motorized transportation.
Transportation
Las Vegas is a new urban area by most standards. It was built during the first half 
of the twentieth century in a vast desert with ample land for urban sprawl. A majority of 
the growth in population and the economy growth in this area has occurred over the last 
20 years. The low-density template used to develop the desert city provided a traditional 
street grid pattern with major surface arterial streets at every mile, and rights-of-way 
adequate to provide for six or eight lanes of traffic that generally travels at or above the 
posted speed limit of 45 miles per hour (mph) on these arterials. Intersections are wider, 
often with striped dual or triple left turn pockets, and single or dual right turn pockets. A 
few streets have raised medians, but those with adequate width are more likely to have 
two-way-left-tum lanes in their center. With the exception of the resort corridor, 
sidewalks, when present, are generally a maximum of five feet wide and built at the back 
of curb, with no buffer between the sidewalk and the travel lanes for vehicles. In the 10 
years between 1990 and 2000, the number of lane miles in Clark County more than 
doubled, for a total of 5,849 miles of lanes. Principal arterial streets and minor arterial 
streets account for 47 percent of urban vehicle miles of travel in the Las Vegas valley. 
Expansion of the roadway network continues as the area struggles to serve the growing
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
vehicular demand, but the length of time spent commuting gradually creeps up as growth 
in roadway capacity has not been able to keep pace with the growth in demands. The Las 
Vegas valley is a non-attainment area for national clean air standards, which casts a 
shadow of uncertainly on the area’s ability to continue to increase lane miles indefinitely.
Citizens Area Transit, the local bus system, began serving the citizens of Clark 
County in December 1992. In just under 10 years, ridership has grown from 15 million 
riders in 1993 to 51 million riders in 2001 -  catapulting CAT to the 2?“' largest bus 
system in the nation. Special bus service (para transit) is available for qualified senior 
citizens and the disabled. The system consists of 52 routes served by 308 buses. Average 
daily passenger ridership has risen to 150,000 during the last five years, which is a 
growth rate twice that of the national average. Bicycling is popular as a mode of 
transportation. Many shoulders have been converted to travel lanes as traffic has 
increased. A system of bike lanes, paths, and trails is being developed by the RTC. Area 
guidelines call for curb lanes of at least 14 feet in an effort to provide some space for 
bicyclists. Each month 35,000 bicycles are transported on the bus system.
The Clark County School District (CCSD) is the sixth largest in the nation - with 
an enrollment of about 260,000 students in 2003. CCSD’s policy is that students who 
live within two miles of a school are not provided bus transportation by CCSD - i.e., they 
have to walk, bicycle, get dropped off by a parent / guardian or take a commercial transit 
bus. (This policy has been changed for the 2002-2003 school year so that high school 
students who live within three miles of their school will not be provided transportation by 
CCSD). In spite of this policy, many school children ride buses to school, and it is not 
uncommon to see buses stop on a seven lane, arterial street to allow children to board and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
alight from the buses. Many of the older suburban schools in the Las Vegas valley are 
adjacent to multi-lane arterial streets. As in many areas of the United States, schools are 
frequently placed in locations that require motorized transportation. Elementary aged 
children who cross major streets at intersections that are not signalized are generally 
assisted by a crossing guard during school hours, but middle schools generally do not 
provide crossing guards. School speed zones are aggressively enforced at speeds of 15 
mph for elementary and middle schools, at 25 mph. for high schools, but officer 
resources limit the number of school zones that can be policed each day.
Issues Related to Pedestrian Safety 
Data from NDOT show that there were a total of 39,730 motor vehicle related 
crashes in Clark County in 1996. There were 42,844 such crashes in 1997, 43,438 crashes 
in 1998, 44,118 crashes in 1999, 43,611 crashes in 2000, and 43,693 crashes in 2001 in 
Clark County, Nevada. Nevada has experienced the highest rate of fatal pedestrian 
crashes and pedestrian injury crashes when compared with urban counties having similar 
populations. Thus Las Vegas appears to be the best place for which data could be used to 
develop and validate a proposed model for ranking high pedestrian risk locations.
Pedestrian Crash Issue in Nevada 
Data from National Highway Traffic Safety Administration (NHTSA) 
demonstrate that injuries from motor crashes show a uniform decrease in number from 
the year 1996 to 2002, with an exception for the year 1999 (Figure 2). Figure 3 shows 
that fatalities from crashes have increased uniformly from 1998 to 2002. Figure 4 shows
10
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pedestrian injuries in the US for different years. From the figure, it is clear that the 
number of pedestrian injuries remains almost the same over the past seven years. While 
the number of injury crashes remains the same, the number of pedestrian fatalities (Figure 
5) shows a noticeable decrease over the same period (11 percent from 1996 to 2002). 
These values are very significant with increasing traffic. Figure 6 compares pedestrian 
fatalities to Million Vehicle Miles Traveled (VMT). From these data it is clear that the 
number of fatalities have decreased with increasing traffic, which is a great achievement 
for safety engineers. But the fact is that 4,808 is still a high number of pedestrian 
fatalities. The decrease in pedestrian fatalities and injuries are the result of limited 
researches that was performed in the area of pedestrian safety. Hence by having 
extensive research in this area, the numbers of both fatalities and injuries may be reduced 
to a great extend.
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In order to enhance safety, it is important to focus on the most vulnerable groups. 
Crash data for the year 2002 was analyzed to determine the vulnerable age groups. 
Figure 7 shows comparison of age distribution for traffic fatalities, pedestrian fatalities, 
and the population for the entire US. Here, 70 percent of the total fatalities involve 
people between 16 and 55 years in age and 23 percent ivolve people 55 years and older. 
Age distribution for injuries, pedestrian injuries, and population (Figure 8) shows a 
higher representation of people 55 years and older (32 Percent) and children 15 years and 
younger (9 percent). This might be due to more walking by these age groups or because 
of other issues such as visibility or carelessness. From Figure 7 and 8, it is clear that to 
enhance pedestrian safety, the focus should be on children with are less than 15 years and 
younger and elderly pedestrians 55 years and older.
□  Fatality Q Pedestrian Fatality ■  Population
o£ 25%
I
< 16 16-34 35-54  
Age Group
55-69 >69
FIGURE 7 Fatalities by Age Group (Source: NHTSA)
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FIGURE 8 Injuries by Age Group (Source: NHTSA)
Table I shows the total traffic fatalities, pedestrian fatalities, and resident 
population for all the states in the US. Crash rates for all these states are determined for 
traffic fatalities and pedestrian fatalities. Table I shows that the states of California, 
Florida, New York, and Texas are the ones with highest numbers of both traffic and 
pedestrian fatalities.
15
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TABLE 1 Traffic Fatalities in US (2002) (Source: NHTSA)
state
Total Traffic 
Fatalities
Pedestrian
Fatalities
Resident
Population
(Thousands)
Traffic Fatalities 
per Million 
Popuiation
Ped. Fatalities 
per Million 
Population
Alabama 1,033 60 4,487 230.22 13.37
Alaska 87 14 644 135.09 21.74
Arizona 1,117 154 5,456 204.73 28.23
Arkansas 640 33 2,710 236.16 12.18
! 2 0 )3 #
Colorado 742 69 4,507 164.63 15.31
Connecticut 322 50 3,461 93.04 14.45
Delaware 124 16 807 153.66 19.83
District o f Columbia 47 7 571 82.31 12.26
3 1J2 4S7 1 6 ,7 1 ^ 2 9 . i 4 |
Georgia 1,523 161 8,560 177.92 18.81
Hawaii 119 33 1,245 95.58 26.51
Idaho 264 15 1,341 196.87 11.19
Illinois 1,411 186 12,601 111.98 14.76
Indiana 792 53 6,159 128.59 8.61
Iowa 404 19 2,937 137.56 6.47
Kansas 512 23 2,716 188.51 8.47
Kentucky 915 55 4,093 223.55 13.44
Louisiana 875 93 4,483 195.18 20.75
Maine 216 14 1,294 166.92 10.82
Maryland 659 104 5,458 120.74 19.05
Massachusetts 459 59 6,428 71.41 9.18
Michigan 1,277 175 10,050 127.06 17.41
Minnesota 657 50 5,020 130.88 9.96
Mississippi 885 55 2,872 308.15 19.15
Missouri 1,208 87 5,673 212.94 15.34
Montana 270 14 909 297.03 15.40
Nebraska 307 12 1,729 177.56 6.94
Nevada Jhl
New Hampshire 127 6 1,275 99.61 4.71
New Jercy 773 178 8,590 89.99 20.72
New Mexieo 449 60 1,855 242.05 32.35
1,523^ 33*# W l% # I7M #
North Carolina 1,575 176 8,320 189.30 21.15
North Dakota 97 2 634 153.00 3.15
Ohio 1,418 87 11,421 124.16 7.62
Oklahoma 734 53 3,494 210.07 15.17
Oregon 436 48 3,522 123.79 13.63
Pennsylvania 1,614 153 12,335 130.85 12.40
Rhode Island 84 9 1,070 78.50 8.41
South Carolina 1,053 98 4,107 256.39 23.86
South Dakota 180 8 761 236.53 10.51
Tennessee 1,175 72 5,797 202.69 12.42
3.125 397 2 L 7 # l w A o
Utah 328 2,316 141.62 10.79
Vermont 78 4 617 126.42 6.48
Virginia 914 88 7,294 125.31 12.06
Washington 659 69 6,069 108.58 11.37
West Virginia 439 28 1,802 243.62 15.54
Wisconsin 803 50 5,441 147.58 9.19
Wyoming 176 4 499 352.71 8.02
U.S. 42,815 4,808 288,369 148.47 16.67
Clark County 675 43 1,561 432.42 27.55
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Figure 9 and 10 compares the motor fatalities and pedestrian fatalities of key states with 
corresponding values for Nevada. These figures show that the number of fatalities is 
much less for Nevada. Figure 11 shows the percent of pedestrian fatalities to total 
number of traffic fatalities for the states with a high number of crashes and Nevada. This 
shows that in Nevada, the ratio is way above the national values for the years 1996 to 
2002. Clark County also shows a higher value of pedestrian to traffic fatality ratio than 
Nevada. Though the four selected key states, viz. California, Florida, New York, and 
Texas, have experienced a larger number of pedestrian fatalities, these states are highly 
populated while Nevada is a small state in terms of population. Hence, it would not be 
completely accurate to compare pedestrian safety across states simply by comparing their 
pedestrian fatalities or injuries, and without considering measures of exposure. Examples 
of simple measures of exposure include population and traffic volumes. In order to 
normalize safety for different states, the crash rate is calculated by dividing the number of 
pedestrian fatalities by population. Figure 12 shows the crash rates for the four states 
with the highest number of pedestrian crashes in the US, Nevada, and Clark County. 
This figure shows that the crash rate for Nevada is way above the national rate. Nevada 
shows a higher crash rate than the selected states other than Florida, the state with highest 
crash rate. Crash rates for Clark County are almost equal to those for Nevada throughout 
the study period.
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Another way to quantify crash issue is to compare the number of fatalities with 
Vehicle Miles Traveled (VMT) values. Figure 13 shows the crash rates based on total 
number of crashes and VMT for selected states. Here, the crash rate for Nevada is above 
the national values whereas the rates for California and New York are well below the 
national crash rates. It suggests that the number of fatal crashes is associated with even 
higher traffic for these two states. Similar crash rates are determined for these states for 
pedestrian fatalities as shown in Figure 14. Here, the crash rates for all the selected states 
are above the national values and Nevada shows crash rates higher than those for 
California, New York, and Texas.
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FIGURE 13 Crash Rate based on VMT for Key States in US
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CHAPTER 2
LITERATURE REVIEW
This chapter presents a review of literature pertaining to the analysis of crashes 
involving pedestrians. Since pedestrian safety is a relatively new area of research, not 
much research has been reported. Though there are differences, crashes involving 
pedestrians can be considered similar to vehicular crashes and on the sections where 
literature was unavailable for pedestrian crashes, literature on vehicular crashes were 
used for this research. This chapter starts with a literature review on addressmatching 
(geo-coding) and crashes followed by analysis of motor crashes, determination of high 
crash locations, and quantifying pedestrian safety risk.
Addressmatching and Crashes
Khattak, Schneider, Zegeer (2001) discussed methods of combining two 
information bases with the aid of geographic information systems (GISs), to identify 
locations where pedestrian crash problems exist. The first information base was a set of 
police crash reports. Locations and attributes obtained from these reports were used to 
identify clusters of pedestrian crashes so that sites in the area could be evaluated for 
safety improvements. Geographic analysis of crash types, severity, pedestrian age, and 
other factors might also be conducted with these data. The second information base was
22
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a set of pedestrian and driver perception surveys. Data from this set of surveys were used 
to identify locations that might have a high potential for crashes, even though none or few 
had been reported recently. Integrating the two information bases might allow 
transportation planners and engineers to focus on sites with the greatest potential for 
pedestrian improvements and ultimately prevent more crashes, injuries, and fatalities. 
The proactive data integration technique, developed in this study, was applied to 
pedestrian safety problems at the University of North Carolina, thus aiding the process of 
planning and implementing various countermeasures related to education, enforcement, 
and engineering. More than 17 million people (more than 6% of the population) in the 
United States are associated with college campuses. The method could also be applied to 
bicycle or other special types of crashes in other geographic areas, such as cities, 
commercial zones, and neighborhoods.
The US Department of Transportation National Highway Traffic Safety 
Administration (NHTSA, 2001) reported about GIS using Crash Outcome Data 
Evaluation System (CODES) Linked Data. This paper explained different types of 
addressmatching, the types of data used, different types of GIS software available for 
geo-coding, and the main issues associated with geo-coding. Here, geocoding was 
defined as the process of assigning geographical coordinates to each point, line, and area 
entity. Geocoding was also defined as “placing a point on the map where the event has 
occurred.” The process of geocoding was explained in detail in this paper. This paper 
explained the purposes of using GIS for analyzing crashes. They are: mapping pedestrian 
crashes and injury outcomes; establishing spatial correlation of pedestrian accidents and 
their medical and financial outcomes with socioeconomic characteristics of
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neighborhoods; identifying locations for installation of traffic calming devices where they 
will have the most impact on reducing injuries; and mapping locations with serious 
injuries and high health care costs in order to prioritize installation of countermeasures.
Implementation of GIS-Based Highway Safety Analyses: Bridging the Gap 
(Smith, Harkey, Harris, 2001) discussed what GIS could offer for safety analyses. This 
paper examined different types of analyses that could be done using GIS. They included 
display/query operations, spatial, and network analysis, as well as cell-based modeling. 
Display/query analysis provides user options for the analysis. Spatial analysis, generally 
known as overlay analysis, helped spatial analysis and data integration. GIS software 
provided tools to combine data, to identify overlaps across data, and to mingle the 
attributes of data sets together using feature location and feature extent as the selection 
criteria. Overlay techniques combined spatial data in other ways, such as combined 
features to simply add one spatial data set to another, or to update or to replace portions 
of one data set with another. This literature illustrates that overlay analysis could be used 
to merge multiple spatial data sets to produce a new spatial data set where the feature 
attributes are a union of the input data sets. Network analysis could be used to define or 
to identify route corridors and to determine travel paths, travel distances, and response 
times. As an example, how network analysis might be used to assess the traffic volume 
impact of a road closure on adjacent roadways was discussed. This paper also discussed 
corridor analysis, which could be used to provide visual means to locate high crash 
concentrations within a corridor. This paper illustrated, in detail, the different methods to 
geocode which included Route-Milepost (RMP), Route-Reference Post (RRP), Link- 
Node (LN), Route-Street Reference (RSR), and Geographic Coordinates.
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Steiner, Moss, Schneider (2002) demonstrated the applications of GIS to 
pedestrian crashes in the state of Florida. Planners, policy makers, and pedestrian/bicycle 
coordinators throughout the State had become interested in developing databases using 
Geographic Information Systems (GIS) to analyze pedestrian and bicycle crashes for 
traffic safety and other planning purposes. The authors portrayed that though it might 
seem desirable to have a statewide database of all crashes, differences in local 
administrative structures, distribution and usage of crash data within local agencies, and 
disparities in the distribution of resources, might mean that local governments need to 
develop their own systems. Working with eight Florida counties with high rates of 
pedestrian crashes, the authors found strong technical capacity in the use of GIS for other 
programs, but more limited use for crash mapping. A diversity of strategies and funding 
sources were used to establish GIS crash mapping programs with different levels of 
accomplishment. Three steps for developing GIS crash mapping were discussed: (1) 
identification and collection of data, (2) selection of a program for processing of crashes, 
and (3) analysis of data collected by the system. There were many challenges for 
implementation. They included the following: fragmentation, communications, political 
and administrative support, and financial and other resources. Recommendations were 
made regarding communications, coordination, and funding.
GIS-Based Crash Referencing and Analysis System (HSIS, 1999), Highway 
Safety Information System (HSIS) explained the advantages of using GIS for analyzing 
crashes. A GIS system was developed using the HSIS for North Carolina for the area of 
Wake County. The analysis tools included five separate programs to evaluate crashes at 
designated intersections, along specific road segments, moving road segments, clustered
25
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around a specific roadway feature, or within a defined corridor. By using the GIS 
program, a problem can be evaluated by using spatial relationships available from 
graphical displays. This GIS environment also helps to incorporate available non- 
traditional data bases, such as land use and population characteristics, into problem 
identification and evaluation studies.
Analysis of Motor Crashes 
Using GIS in the Analysis of Truck Crashes (HSIS, 1999), Highway Safety 
Information System (HSIS) illustrated the advantages of GIS based crash analysis 
system. This paper discussed the identification of high-truck-crash locations using a GIS 
system and the exploration of applying of non-traditional databases to this type of 
analysis. The advantages of using the GIS features, such as overlaying and data analysis, 
were portrayed in this paper.
Characteristics of Fatal Rollover Crashes (Deutermann, 2002), discussed the roll­
over crashes among fatal crashes, which occurred during the years from 1991 to 2000. 
This paper analyzed the crashes based on vehicle type, gender of the drivers, time of the 
crashes, speed of the vehicles, etc. The involvement of drivers under the influence of 
alcohol is also discussed in this paper.
Alcohol Involvement in Fatal Crashes 2000 (NCSA, 2002), pointed out that for 
the year 2000, the total number of traffic crashes resulting in the death of one Or more 
persons was 37,409. In 31 percent of those crashes, at least one driver or non-occupant 
(pedestrian or pedalcyclist) had blood alcohol content at or above the level of intoxication
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(0.10 % BAC). The study revealed that alcohol is more prevalent in fatal crashes at night 
than during the day and more prevalent on weekends than on weekdays.
Abdel-Aty, Chen, Radwan and Brady (1999) analyzed crashes and the importance 
of age of drivers who are involved in the crashes. Many believed that age affects some 
driving behavior, which can lead to crash occurrence. According to the authors, driving 
inexperience and alcohol involvement for young drivers could be reasons for the crashes, 
where as the issues for elderly drivers were high perception reaction time, perceptual 
judgment, and visibility. Crash data from 1993 to 1995 from the Florida Department of 
Highway Safety and Motor Vehicles were used for the analysis. Crash rates were 
calculated for different age groups. The crash rates were determined for Florida residents 
and non-Florida residents. The study revealed that teenagers were over involved in the 
crashes. Similarly, the crash rate was found high for drivers over 80 years old.
Retting, Weinstein, Williams and Preusser (2001) reviewed police crash reports to 
identify pre-crash events and driver actions for a sample of crashes on urban aiterials. 
This paper described a method for reducing such crashes based on analyses of collision 
patterns and identification of locations with excessive number of crashes of a particular 
type. Crash data from police reports were obtained for three urban arterials in the 
Washington, DC metropolitan area. Out of all the crashes analyzed, seven crash types 
(left turn oncoming, left turn waiting, ran traffic control, stopped vehicles, lane changing, 
ran-off the road, and pedestrian crashes) accounted for nearly 90 percent of these reports. 
On each arterial studied, several locations with excessive numbers of crashes of a 
particular type were identified, and corresponding engineering countermeasures were 
recommended.
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Identifying High Crash Locations 
Hauer (2001) studied correct and incorrect use of accident rates that were 
followed by engineers and safety officers. It focused on crashes involving different types 
of vehicles and different age group of drivers involved in accidents. It also provides 
concepts for using different types of crash rates.
Sanford, Bernhardt, and Virkler (2002) briefly described the High Crash 
Locations (HCL) analysis process, examined some common errors, and provided 
additional background on some concepts for understanding and analyzing HCL. This 
feature showed that assigning relative values to fatal and injury crashes could 
significantly affect the ranking of the locations. The importance of statistical tests to 
locate crash-prone sites was also discussed in this paper.
Souleyrette, Kamyab, Hans, Knapp, Khattak, Basavaraju, and Storm (2001), 
discussed ranking high motor cash locations in Iowa. They introduced five types of 
criteria to rank high crash locations. Crash rates were developed for different crash 
locations based on number of crashes, traffic volume, geometric features of the street, etc. 
The different ranking methods included the following: statewide ranking, frequency 
ranking, ranking based on crash rate, ranking based on crash rate per million vehicle 
miles, and ranking based on dollar loss in the crashes. Statewide ranking is calculated by 
summing the rank values of a location based on crash frequency, crash rate, and dollar 
loss and arranging the locations.
Hallmark, Basavaraju, and Pawlovich (2002) summarised different methods those 
were followed in 17 states to rank high crash locations. The frequently used methods to 
identify and prioritize candidate high crash locations included the Crash Frequency
28
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
method, Crash Rate Method, Frequency-Rate Method, Crash Severity Method, Safety 
Indices, Severity-Rate Method, Rate-Quality-Control Method, and Bayesian Approach. 
This paper also discussed the Composite State Ranking system developed by Iowa DOT 
and its advantages.
Green and Agent (2002) discussed a procedure to identify high crash corridors, to 
analyze the crash data and to recommend countermeasures. Here, the method to select 
high crash corridors was determined by measuring various attributes for each route such 
as length, crash rates, number of crashes, percent of fatal / injury crashes and traffic 
volume. Contributing factors such as light conditions, road type, weather, time of the 
day, land use, vehicle type, etc. were studied in detail for the selected high crash 
locations.
Martin (2001) explained the relationship between crash incidence rates and hourly 
traffic volume and described the influence of traffic volume on crash severity. The 
incident rates for different traffic conditions were studied in detail. The change of crash 
incidence rate for different number of lanes and different traffic conditions was analyzed 
in detail. The study revealed that, for lighter traffic, the number of crashes was higher 
during weekends. Light condition was not found as a contributing factor for severity or 
for number of crashes. This paper found lighter traffic to be a cause for higher frequency 
and severity.
Retting, Weinstein, Williams, and Preusser (2000) reviewed police crash reports 
to identify pre-crash events and driver actions for a sample of crashes on urban aiterials 
and described a method for reducing such crashes based on analyses of collision patterns 
and identification of locations with many particular types of crashes. It was found that 7
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types of crashes accounted for 90% of the total number of crashes. Some 
countermeasures for the high crash locations were recommended based on the crash 
characteristics.
Quantifying Pedestrian Safety
Pulugurtha and Nambisan (2003) discussed the pedestrian crash issues in the Las 
Vegas metropolitan area and how top crash locations were selected. They were selected 
based on two different types of indices: 1) based on number of crashes and 2) crash rate 
based on number of crashes and pedestrian exposure. Paper discussed the process of 
identifying high crash locations for pedestrian crashes as a seven step process.
TRC-UNLV (2002) explained the process of ranking high pedestrian crash 
locations in Las Vegas metropolitan area. Here crash locations were addressmatched 
using crash data from Nevada Department of Transportation. Using these data, high 
crash zones were determined, and from these zones, high pedestrian crash locations were 
determined based on two different indices, giving importance to fatal and severe injury 
crashes.
Witkowski (1988) studied pedestrian crashes in Tucson, Arizona for 3 year 
period. This paper pointed out four types of crashes (mid-block cross, intersection cross, 
mid-block dart out, and intersection dash) accounted for 75 percent of the crashes. 
Young pedestrians with age between 1 and 9 years over-represented the mid-block dart 
out, and elderly people with age above 60 years over-represented intersection crashes. 
The study revealed that over 88 percent of pedestrian related crashes had a commercial.
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financial, or residential land use on at least one side of the roadway. The paper showed 
that pedestrian activity at intersection locations near open or undeveloped land was high.
Zegeer (1998) reported on pedestrian crashes in detail. The death of pedestrians 
accounted for about 15 % of the total motor crash related fatalities in the US in the year 
1995. Zegeer calculated the collision involvement rates for different age groups. It was 
found that the rates are highest for male pedestrians in the age group 5 to 9 years. 
Surprisingly, the crash rates for elderly persons with age greater than 65 years showed 
lower values. It might be due to the greater caution by pedestrians in this age group. But, 
it was stated that since pedestrians in these age groups are more vulnerable to serious 
injuries, they have to be given special consideration. This paper revealed that alcohol 
consumption by motorist as well as pedestrians are very important contributing factors in 
pedestrian crashes. Most of the pedestrian crashes occurred during morning and 
afternoon peak periods. Fatal pedestrian collisions were found to be peaking later in the 
day between 5:00 pm and 11:00 pm. This paper showed that 43 percent of the fatalities 
and 31 percent of pedestrian injuries occurred on weekends. Since 65 percent of the 
collisions involving pedestrians occur at non-intersections, the non-intersection locations 
are important in any pedestrian safety study. Elderly pedestrians are overly represented 
in crashes at intersection locations.
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CHAPTER 3 
METHODOLOGY
In order to determine high pedestrian risk locations, crash data have to be analyzed in 
detail. For this study, crash data were collected from the Nevada Department of 
Transportation (NDOT). Crash data were then geocoded with reference to the street 
network for Las Vegas metropolitan area. Once geocoded, the high pedestrian crash 
locations are determined using these data to locate where the maximum numbers of 
pedestrian crashes were recorded. All these steps are described in detail in the following 
sections.
Addressmatching of Pedestrian Crashes 
Definition
Addressmatching can be defined as the process of locating an event in a map using its 
address. Geographical Information Systems (GIS) are used for addressmatching, also 
known as geocoding. Address geocoding is the process of linking an address to a 
physical location on the Earth. Address matching has been used for various purposes. For 
most of the cities, the locations of medical care centers and police aid posts are geocoded 
in order to decide the area of its service.
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Procedure
Address matching is performed to locate an event which has been recorded at a 
street address. It helps to identify the political and administrative areas to which the 
location belongs. Street addresses are the most common form of location information. As 
far as motor crashes are considered, the crash locations are specified using the street 
address, or with respect to distance along a route (mile post marker related), or the 
distance from the nearest intersection. This crash information is merely text information, 
containing details such as street address, date of the crash, crash severity, type of crash, 
age of motorists, occupants, and pedestrians if present. In order to transfer the crash 
information to locate the crashes in a map, GIS software (or program) is used. The GIS 
software (or program) needs a mechanism to transfer this text information to calculate 
geographic coordinates before an address can be displayed on a map. As explained in the 
previous section, address geocoding is the process of linking an address to a physical 
location on the Earth. User addresses stored in a tabular file are linked with a spatial data 
set in the GIS environment which has addresses, usually a street centerline file. The GIS 
software (or program) then uses the coordinates of the street features to calculate and 
assign coordinates to addresses in the file. The result is a new spatial data layer of point 
locations representing the addresses from the file.
Importance
Address matching helps to uniquely locate events on the reference system of interest. For 
evaluating safety, locating the crashes in to a street network is very important. It also 
helps to identify the political and administrative areas to which the location belongs. 
Geocoding of crash data results in creating crash coverage with the attributes of the
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crashes. This coverage can be used to perform different analyses such as overlay analysis, 
which helps in relating the crash data to other important data such as demographics, 
landuse, and transport network. By overlaying the crash coverage over the land use 
coverage, the distribution and relationship of crashes with different landuses can be 
studied. Another advantage of having geo-coded coverage is the ease of performing 
various analyses. Examples of such analyses include those based on age of motorist, time 
of the crash, causal factors, contributing factors, network characteristics, weather 
conditions, jurisdictional responsibility, demographic and landuse characteristics, etc.
Crash Data and GIS Coverage 
From the explanations on the previous sections, it is clear that crash data and GIS 
coverage for the street are the most important factors in locating high pedestrian crash 
locations. Crash data were obtained from NDOT for the years from 1996 to 2001. 
Street Center Line (SCL) coverage from Clark County GIS Management Office 
(GISMO) was used as the street coverage for address-matching.
Problems in Addressmatching 
Address-matching is rarely a fully automated, computerized process. People who intend 
to address-match their data or to use the results of address-matching processes should 
know the typical problems that are likely to occur in this process, the different ways in 
which users can deal with these problems and the effect of these problems on the quality 
and reliability of results. An address may not address-match because it is not compatible 
with the digital street map. This can happen because of inaccuracies or inconsistencies in
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the digital street map or because of inaccuracies or inconsistencies in the file of addresses 
to be matched. Address-matching rates (the proportion of addresses that are correctly 
matched) will increase if efforts are made to increase the quality of the digital street map, 
the address file, or both.
Crash data from NDOT were obtained for geo-coding. These are the data entered 
based on reports filed by law enforcement officers after the crash occurred. The data 
contained many typing errors, mostly spelling mistakes. Another problem was the name 
convention followed to denote the streets, freeways, and freeway ramps. These were not 
consistent with the convention used in the SCL coverage available with the Clark County 
GISMO, which is the GIS coverage available for geo-coding. The same streets were 
named in different ways. For example, street “Maryland Parkway” may also be coded as 
“Maryland Pkwy” or “Maryland Pky”. When there are differences in the names, the 
software is unable to match them, since it is looking for the exact name both for the 
coverage and in the crash report. In such cases, the names needed to be correctly 
referenced between the crash report and GISMO’s SCL coverage. Therefore, all the 
street names and ramp names have to be made uniform. Similarly, there were 
inconsistencies in the manner in which streets were named. In some cases, the crash 
report identified it by its “State Route Number” while the SCL identified it by its 
common street name. Further, road segments those were common to multiple “routes” 
posed problems. For example, a segment of freeway in the Las Vegas metropolitan area 
is a part of three routes: 1-515, US-95, and US-93. The crash report could have identified 
crashes on this portion of the road network by any one of the 3 routes, or else by its 
common name which is the “95 Expressway”. Completing these changes manually is a
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tedious process. Arc Info was used to make these changes. A look up table was created 
with all possible names of all the streets and the corresponding names in the street 
centerline coverage. By using this look up table, the street names and ramp names were 
referenced in a consistent name convention.
The next step is the geo-coding. Here, the modified crash data are imported into 
an INFO file for geo-coding and stored in the folder which contains the Street Centerline 
Coverage (SCL coverage). Geo-coding is performed using the INFO file just created. 
Street intersections were used for geo-coding. Some locations were specified using mile 
post data as the reference. These locations were changed from mile post reference to 
street address reference in order to geocode.
Results of Addressmatching 
The geo-coded coverage contained all the types of crashes, including motor crashes, 
bicycle related crashes, and pedestrian related crashes. But only crashes involving 
pedestrians are relevant for this study. For this, the crashes involving just pedestrians are 
extracted from the database. These locations were geo-coded using the nearest reference 
streets. This geo-coding resulted in more than 90% matches for the overall 5,700 4- 
pedestrian-related crashes during the 6 year study from the year 1996 to 2001. Figure 15 
shows the pedestrian crash locations for the 6 years of study.
Determining High “Risk” Pedestrian Locations 
Once the geo-coding was completed, the next step was to perform analyses for these geo­
coded crashes. High crash locations were determined based on number of crashes
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involving pedestrians. This information was used to determine the high crash areas all 
around the Las Vegas metropolitan area. Zone Guide for Pedestrian Guide by NHTSA 
(1998) explains a systematic method to determine high pedestrian study locations. This 
guide suggests that the first step as to create zones. Zones are selected by using the 
criteria of 5% of the total crashes for the study area lies within each zone. For the Las 
Vegas metropolitan area, linear zones were selected based on the geo-coded crashes. The 
length of the linear zone varied from 1 to 3 miles. From these selected zones, high 
pedestrian “risk” locations are selected based on number of crashes and on 
recommendations from the local jurisdiction. This step is important, since it helps the 
safety engineers to coordinate well with the local jurisdiction for any safety improvement 
program. For the Las Vegas metropolitan area, after determining the crash zones, each 
government jurisdiction, viz. Clark County, City of Las Vegas, City of North Las Vegas, 
City of Henderson, and NDOT were contacted to get their recommendation. After 
getting their feed back, the final 34 high “risk” pedestrian locations were selected based 
on the recommendations, the crash characteristics, and land use of the surrounding area.
Crashes which occurred within 200 feet of the intersection and within 200 feet of 
the street center line were considered as crashes at that particular intersection or at the 
street centerline. This is to offset the errors those might have occurred during geo-coding 
due to alignment errors of street centerline. To do this, buffers were created with a 
radius of 200 feet around the high crash locations and high crash corridors, so as to 
determine the number of crashes that occurred within high crash areas and corridors. For 
this, the crash locations were arranged in descending order of number of crashes, then 
determining exactly at what intersection / location the maximum number of crashes had
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occurred. Top 34 sites were determined based on the number of crashes. They are shown 
in Figure 16 and listed in Table 2.
This method of selecting high pedestrian crash location identifies the top 
pedestrian crashes based on number of crashes, but it does not take into consideration any 
measure of exposure, nor the land use or demographic characteristics of the site. The 
land use and demographic characteristics are very important factors in identifying high 
pedestrian crash locations. Some land use patterns attract more pedestrians. The ranking 
of sites based on number of crashes does not consider these factors.
From the point of view from a safety engineer, crashes involving younger pedestrians and 
senior citizens are very important. A disproportionate number of crashes involving 
pedestrians in these age groups at some sites suggest that there are some safety issues for 
pedestrians in these age groups at those sites. Again, the degree of pedestrian and motor 
vehicle exposure must be taken into account. If there is more pedestrian activity for a 
particular age group and a corresponding greater number of pedestrian crashes belonging 
to the same age group, it indicates some degree of proportional involvement of 
pedestrians in the subject age group in crashes. But a lesser activity level of a particular 
age group and a higher incidence of crashes involving the same age groups show that 
there is a disproportionate involvement of pedestrians in the said age group in crashes. 
The purpose of this study is to develop a methodology which would help safety and 
transportation engineers to determine high pedestrian risk locations after checking the 
available crash and demographic characteristics.
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TABLE 2 Selected 34 High Pedestrian Crash Locations
Site# Location # of Fed Crashes
1 Bonanza Rd/D St 4
2 Bonanza Rd/F St 7
3 Bonanza Rd/Las Vegas Blvd 9
4 Charleston Blvd/Lamb Blvd 12
5 Charleston Blvd/Las Vegas Blvd 14
6 Charleston Blvd/Nellis Blvd 21
7 Charleston Blvd: Lucerne St to Lamont St 10
8 Decatur Blvd/Meadows Lane 7
9 Decatur Blvd/Washingon Ave 7
10 Desert Inn Rd/Boulder Highway 14
11 Eastern Ave/Bonanza Rd 8
12 Eastern A ve/Charleston Blvd 11
13 Flamingo Rd/Boulder Hwy 8
14 Flamingo Rd/Koval Lane 18
15 Flamingo Rd/Nellis Blvd 9
16 Flamingo Rd/Paradise Rd 15
17 Harmon Ave/Paradise Rd 10
18 Lake Mead Blvd/McDaniel St 10
19 Lake Mead Blvd/Pecos Rd 15
20 Lake Mead Blvd: McCarran St to Belmont St 15
21 Las Vegas Blvd/Fremont St 17
22 Las Vegas Blvd/Lake Mead Dr 14
23 Las Vegas Blvd/Riviera Blvd 22
24 Maryland Pkwy/Desert Inn Rd 19
25 Maryland Pkwy/Dumont St 9
26 Maryland Pkwy/Flamingo Rd 26
27 Maryland Pkwy/Karen Ave 9
28 Maryland Pkwy/Sahara Ave 14
29 Maryland Pkwy/Sierra Vista Dr 17
30 Maryland Pkwy/Tropicana Ave 20
31 Maryland Pkwy/Twain Rd 16
32 Sahara A ve/Decatur Blvd 9
33 Sahara Ave/Valley View Rd 9
34 Tropicana Ave/Spencer St 6
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Other than field observations, there are no direct ways to determine the presence 
of pedestrians at a location. But field observations are labor intensive, time consuming, 
and expensive. GIS can be used to identify pedestrian activity around any location. By 
using GIS, the demographic characteristics (e.g. age, gender, etc) of the population 
proximate to location can be estimated. Population information is available in different 
coverages in GIS. For the Clark County, Traffic Analysis Zone (TAZ), Census Blocks, 
and Zip Code level data are available. A combination of these three different datasets 
could be used to estimate population and its age distribution. The advantages and issues 
associated with using different datasets for calculating population and its distribution are 
discussed in detail in the next chapter.
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CHAPTER 4
DISCREPANCIES IN POPULATION DATA 
The number of crashes at any location needs to be examined in relationship to the 
pedestrian activity near that area. Population near an area is suggestive of the pedestrian 
activity in its vicinity. Hence, the crash rate can be determined by using population 
proximate to the site as a proxy for pedestrian activity. For most locations within the 
United States, there are multiple sources for population data. The US Bureau of Census 
publishes population data every 10 years for all the cities based on its estimates. Another 
source of population data in metropolitan areas is Traffic Analysis Zone (TAZ) data. 
TAZ data are typically available from metropolitan planning organizations for such areas. 
For the Las Vegas metropolitan area, there are three main sources of population data. 
They are Census Block level data from the US Bureau of Census, Traffic Analysis Zone 
(TAZ) level data, and Zip Code level data. However, since the sources of these datasets 
are different, there generally are discrepancies between these data for the same area of 
interest. Another reason for the discrepancies could be the frequency these data sets are 
updated. US Bureau of Census updates their population data once in every 10 years. For 
the Las Vegas metropolitan area, the Zip code level data are updated every year, and the 
TAZ level data are updated between once in every year to once in every 5 years. 
However, it is necessary to try to resolve these discrepancies and obtain the best possible 
database to support the analysis.
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Sources of Population Data 
Zip Codes, TAZs and census blocks are three different means of spatial demarkation. 
Census Blocks are the smallest blocks in terms of area. TAZs are generally defined to 
support activities of traffic and transportation engineers and planners. Typically, one 
TAZ may consist of one or more census blocks. Zip Codes are defined by the US Postal 
Service. Generally, Zip codes consist of many census blocks and TAZs.
Census Block data are collected every 10 years by the US Bureau of Census. 
According to the US Bureau of Census, Census Blocks are “Generally bounded by 
streets, legal boundaries, and other features, a block is the smallest geographic unit for 
which the Census information is shown”. Census Block level data consist of detailed 
information related to the population residing within that area. These information include 
gender, age, ethnicity, martial status, educational details, and details of family income. 
For this study, the information related to population age group and income is important, 
since it shows what age group or income groups are critical in terms of pedestrian safety. 
Age of the population is very significant. If the crashes at a particular site 
disproportionately involve more people of a particular age group (i.e., percent of crashes 
for population in a particular age group is greater than percent of population in that age 
group), then this age group needs special attention. Income level of the people is an 
important indicator of socio-economic characteristics of the population. The populations 
in lower income groups are more likely to have greater pedestrian activity. Hence, 
income groups are important for ranking the sites. Census data are available for every 10 
years from the Census Bureau. Figure 17 shows the census blocks in the study area.
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Traffic Analysis Zone (TAZ) data are used for traffic and transportation studies. 
Since it is developed by local agencies, TAZ data are likely to be more accurate with 
respect to demographic and economic characteristics. For the Las Vegas Metropolitan 
area, the TAZ level data are maintained by Regional Transportation Commission (RTC) 
of Southern Nevada. The TAZ level data include total population in the TAZ, total 
number of household units, total occupied household units, total employment, and type of 
employment. Of all the information available at the TAZ level, only population is utilized 
for the present study. But the TAZ level data does not divide the population based on 
age group or on income. Another drawback of the TAZ level data is that these data are 
updated typically only once in 5 years. Figure 18 represents the TAZs within the study 
area. The numbers within the polygons represent the TAZ numbers for the corresponding 
polygons.
Zonal Improvement Program Code, better known as Zip Code, level data are 
another source for population, demographic, and socio economic data. Each Zip Code 
typically consists of several census blocks and TAZs. The Center for Business and 
Economic Research (CBER) at UNLV annually compiles demographics and economic 
data by Zip Codes. These data are also relatively more accurate values since they are 
updated annually by a local agency. The data at Zip Code levels include total population, 
percent of population in different age groups, percent of population based on income 
levels, total number of households, etc. Each Zip Code covers a large area, which means 
that the distribution of population in different regions within the study area is hard to 
determine. Figure 19 shows the Zip Codes in the study area. The numbers within the Zip 
Code polygons indicate the Zip Codes for the corresponding polygons. Table 3 shows
45
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the number of Zip Codes, TAZs, and Census Blocks for the Las Vegas Metropolitan area. 
From this table, it is clear that each Zip Code consists of several TAZs and each TAZ 
consists of several Census Blocks
TABLE 3 Number of Zip Codes, TAZs, and Census Blocks for the Las Vegas 
Metropolitan Area
Zip Codes TAZs Census Blocks
45 1,132 13,603
Comparing Population Data from Different Sources 
The selection of a proper database for analysis is important. As previously mentioned, 
the Zip Code level data might be the best estimate of population. But since it covers a 
large area, there is a risk in taking the values of demographic characteristics for analysis 
from a relatively larger area to establish data for smaller areas around the crash locations. 
In order to select the best suitable database from census block and TAZ, it is important to 
compare the population data from various sources.
TAZs and Census Blocks 
In order to compare the population data from a TAZ with that from a census block, a GIS 
software program, ArcINFO, was used. Here, the TAZ coverage for the year 2000 was 
overlaid on the census block coverage for the same year. Census block data were 
obtained from the Clark County Geographical Information System Manager’s Office 
(GISMO). These data were the result of modifications on the data published by the US 
Bureau of Census. Figure 20 shows TAZ coverage laid over census block coverage for a
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portion of the study area. From this figure, it can be noted that the boundaries of these 
two datasets do not overlap properly. Table 4 shows the comparison between the 
population data between TAZ data and the corresponding census block data. Here the 
populations in different TAZs are found and the populations in the census blocks which 
lie within the same TAZs are calculated. From the data it is clear that for the same area, 
TAZs and census blocks have different estimates of populations. This might be due to 
the different methods that these different organizations use to determine population 
estimates. Another reason could be the difference in projections of the TAZ coverage 
and the Census Block coverage. Figure 6  shows that the boundaries of Census Blocks do 
not match with those of TAZs.
TABLE 4 Comparison of Population from TAZ and Census Blocks
TAZ2000 Area
Population
TAZ CB TAZ CB
414 2,044,990 2,045,678 0 54
415 1,588,116 1,588,689 187 41
416 1,104,384 1,104,384 0 29
417 873,864 872,296 12 23
418 1,815,163 1,814,729 298 47
419 2,777,709 2,780,949 616 502
420 831,106 829,789 94 146
452 2,041,520 2,041,520 0 53
454 588,687 590,468 0 15
456 719,204 718,468 0 127
457 570,635 569,590 0 101
458 567,955 567,589 0 186
459 1,130,818 1,133,540 0 686
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In order to check the validity of the above comparison, population around five different 
high risk locations were determined using same overlay process. Here, a buffer of one 
quarter of a mile radius was created around the selected locations. The value, one quarter 
of a mile, was fixed assuming that pedestrians within that range might walk to the 
crosswalk. Once the buffer was created, it was overlaid on TAZ and Census Block 
separately to get the population who live within the buffer based on TAZ and Census 
Block data. Table 5 shows the population that the overlay analysis showed based on 
census block and TAZ data. All these selected sites have different landuse 
characteristics. The results show that irrespective of the landuse, each location shows 
different populations while using different databases.
TABLE 5 Comparing Populations Surrounding the Crash Sites
Location Popu ation % Difference
CB TAZ
Las Vegas Blvd/Fremont St 782 484 -629b
Sahara Ave/Valley View Rd 885 1,966 55%
Bonanza Rd/D St 406 482 16%
Maryland Pkwy/Desert Inn Rd 2,262 1,878 -209b
Desert Inn Rd/Boulder Hwy 1,038 1,059 2%
Zip Codes, TAZs, and Census Blocks 
CBER provides detailed information related to population who reside within each zip 
code. CBER uses the most recent available data from the Las Vegas metropolitan area to 
come up with population and population distribution. Hence they are expected to 
represent more accurate population estimates than the other two, viz. TAZ and census 
block level data. In order to compare populations from zip code, TAZ, and census block.
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zip code coverage was overlaid on TAZ and census block coverages (Figure 21). 
Population within each zip code is calculated using census block data and TAZ data. This 
is done by determining the TAZs and census blocks those lie within the zipcode and 
summing up the values. For the TAZ and census block which are partially inside the 
zipcodes, population is calculated for the portion of area which lie within the zip code. 
The summary of the population estimates for different zip codes using different data sets 
are given in Table 6 . From the table, it is clear that all the three data bases show different 
population estimates for the same zip codes. For the Zip Code 89101, the difference in 
population estimates based on Zip Code and Census Blocks is 17%, the difference in 
population estimates between Zip Code and TAZ data is 18%. These are big differences 
in population estimates. Overall the population differences in population estimates are 
very high (more than 1 0 %) for many of the zip codes.
TABLF6  Summary of Population Estimates using Zip Code, TAZ, and Census 
Block
Zip Code Based on Zip Code Data
Based on 
CB Data
Based on 
TAZ Data
% Difference 
(Zip & CB)
% Difference 
(Zip &TAZ)
% Difference 
(TAZ & CB)
89101 41,420 49,995 50,501 17% 18% -1%
89102 32,788 36,024 38,544 9% 15% -7%
89103 43,006 43,222 46,426 0% 7% -7%
89104 30,526 34,390 35,091 11% 13% -2%
89106 25,659 25,904 28^41 1% 11% -11%
89107 34,497 36,449 37,924 5% 9% -4%
89109 40,435 40,380 47,171 0% 14% -17%
89110 61,784 71,471 66,374 14% 7% 7%
89115 58,024 55,334 57,623 -5% -1% -4%
89119 44,367 48,750 52,424 9% 15% -8%
89121 62,359 61,166 61,043 -2% -2% 0%
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In order to check whether these differences make any changes for smaller areas, a 
similar overlay analysis was done for all the three datasets, but on smaller areas. Three 
sites with different land use types were selected from the top 34 high crash locations. The 
intersection of Bonanza Rd/D St lies within the downtown area, the intersection of Lake 
Mead Blvd/Mc Daniel St lies within a residential area, and the intersection of Maryland 
Pkwy/Twain Ave lies within a mixed land use of residential and commercial. In order to 
determine the population in its surrounding area, a buffer of one quarter of a mile radius 
(1320 ft.) was created for all three sites. This buffer was overlaid on the three datasets to 
determine the population within the buffer. Figure 22 shows the buffer around three of 
the high pedestrian risk locations and Figure 23 shows the detailed picture of one of those 
sites. Here the different datasets, viz. Census Block, TAZ, and Zip Codes are also shown. 
The result of the overlay analysis is shown in Table 7.
TABLE 7 Summary of Overlay Analysis
Location
Population Estim ate % Difference 
(Zip & CB)
% Difference 
(Zip &TAZ)
% Difference 
(TAZ & CB)Zip Code CB TAZ
Bonanza Rd/D St 990 406 271 -144% -265% 33%
Lake Mead Blvd/Mc Daniel St 1,116 523 637 -114% -75% -22%
Maryland Pkwy/Twain Rd 874 523 2,360 -67% 63% -351%
Table 8 shows even bigger difference in population estimates while using the 
three datasets. Comparing Table 6  and Table 7, it is seen that as the area decreases, the 
difference of population estimates increases, which means that all these three datasets are 
independent of each other.
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Zip Codes and Census Blocks 
The main difference of TAZ level data from Census Block level data and Zip Code level 
are that TAZ does not contain any information regarding age group of population, where 
as the other two do. In the previous sections, it was shown that the estimate of the 
population at the proximity of the crash location varies, when using different data sets. 
The next step is to check whether the age distribution of the population is the same for 
the same area when they are calculated by using Census Blocks and Zip Codes. Here Zip 
Code coverage is overlaid on Census Block coverage. The Census Blocks which lie 
within different Zip Codes are determined. Population which lies inside Zip Codes are 
calculated based on both Census Block and Zip Code data. The age distributions are 
calculated for the populations within the selected Zip Codes. But Zip Code level data and 
Census Block level data uses different age group distributions, which means that exact 
comparisons of age distribution are not possible. The major age group divisions in Zip 
Code level data are: less than 18 years, between 18 and 54 years, between 54 and 64, and 
greater than 64 years of age. The Census Block data divides the age groups to: less than 
18 years, between 18 and 50 years, between 50 and 64, and greater than 64 years of age. 
From the above descriptions, it is clear that the age group divisions do not follow the 
exact numbers for the age groups between 18 and 64 years, hence the comparisons might 
not be exact. But for the other age groups viz. less than 18 years and greater than 64 
years, the age distribution is expected to be the same for the population from both the 
datasets. The summary of the analysis is shown in Table 8 . From the table, the 
difference in total population for the same area is clear. Percent of population within 
specific age groups such as less than 18 years or greater than 64 years vary significantly.
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The Zip Code 89101 shows the percent of population with age greater than 64 years as 
20% using Zip Code data and 8 % using Census Block data. For the same Zip Code, the 
percent of population in the age group 18 to 54 years is estimated as 43% using Zip Code 
level data, where as the percent of population in the age group 18 to 50 years is estimated 
as 53% using Census Block data. In actuality, the value from Census Block data is 
expected to give a lesser percent, since the age group 18 to 50 years covers lesser 
population than the age group 18 to 54 years.
TABLE 8 Comparison of Age Distributions
ZIP
Zip Code Data CB Data
Total Pop <18 18-54 55-64 > 64 Total Pop <18 18-50 51-64 >64
89101 41,420 22% 43% 15% 20% 51,911 27% 53% 12% 8%
89102 32,790 29% 43% 10% 18% 36,229 24% 48% 14% 14%
89103 43,010 18% 42% 19% 21% 46,122 21% 50% 17% 13%
89104 30,530 22% 41% 10% 27% 34,763 24% 44% 17% 15%
89106 25,660 27% 43% 12% 18% 26,708 29% 48% 14% 9%
89107 34,500 29% 39% 9% 23% 36,923 27% 46% 15% 13%
89109 40,440 20% 43% 15% 22% 45,628 19% 51% 16% 13%
89110 61,780 42% 39% 10% 9% 73,971 32% 48% 13% 8%
89115 58,020 47% 41% 7% 5% 56,442 35% 52% 10% 4%
89119 44,370 28% 50% 9% 13% 51,191 21% 55% 14% 10%
89121 62,360 25% 52% 10% 14% 65,585 20% 43% 20% 17%
From the above analyses, the difference in population estimates when using 
different data sets are evident. These analyses show that the total population estimates, as 
well as the estimates of the age distributions, are also different when using different 
datasets. Though all these datasets are said to use Census Block data as the basis for their 
population estimates, population estimates for the same area show significant differences. 
This might be because of the different methods each agency uses to come up with the 
population estimates. This study points to the discrepancies of population data on
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different datasets available to the public and to the necessity of having a common method 
to estimate the population for different agencies, who come up with these data sets.
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CHAPTER 5
DETERMINING CRASH RATES 
Introduction
The number of crashes at any site is an important indicator of the safety of the 
site. The greater the number of crashes, the worse is the location in terms of safety. But 
the number of crashes alone does not represent the actual scenario, unless they are related 
to the pedestrian activity in that area. For motor crashes, in order to determine high crash 
locations, crash rates are determined by dividing the number of crashes by Millions of 
Vehicles (VM), or Millions of Vehicle Miles Traveled (VMT) (Martin 2001). Hallmark 
(2 0 0 2 ) discusses crash rates using daily entering vehicles at a node (i.e. intersection) as a 
factor to determine crash rate. In all these cases, the crashes are related to the number of 
vehicles or travel by vehicles to show the exposure. Likewise, measures of pedestrian 
exposure or activity need to be taken into account to develop pedestrian crash rates.
Though pedestrian crashes in an area are related to vehicular traffic, they also are 
related to the pedestrian activity in that area. In order to determine the pedestrian activity 
around an area, the most reliable method is making observation at these sites. But such 
data collection is labor intensive, time consuming, and expensive. Thus, it is necessary to 
identify proxy indicators for pedestrian exposure/activity. Population and demographic 
characteristics are good indicators for this purpose. As explained in the previous 
chapter, GIS based tools and supporting databases can be used to determine the
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population and its age distribution near high pedestrian crash locations. However, as was 
previously discussed, there are issues related to the lack of consistency among different 
data sources used to estimate population.
One of the main issues of estimating population near a location is the selection of 
proper coverage (or dataset). The TAZ based data are prepared by local agencies. This 
database is used for various transportation related analyses and modeling needs. Hence, it 
is taken as the source for this study also. But one of the drawbacks of the TAZ related 
information is that it does not contain the distribution of population by age or age groups, 
which is important for this study. This short coming can be overcome by using the age 
distribution for a TAZ based on the age distribution from the Zip Code based data for the 
same area. In order to determine the population in the vicinity of a high crash location, a 
buffer zone with one quarter of a mile radius is created around it. The value of one 
quarter of a mile radius was selected to represent typical walking distances. This radius 
can be changed if local walking characteristics warrant such a change. The buffer 
coverage is overlaid on TAZ coverage to determine the total population residing in the 
buffered area. The buffer coverage is then overlaid on Zip Code coverage to get the age 
distribution of the population. A combination of these two overlaying coverages gives 
the population estimate and age distribution of the population. Figure 24 shows the 
schematic representation of the above procedure.
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Select High Pedestrian Crash Zones Following FHWA Zone Guide
Select High Pedestrian Risk' Locations from Ped Crash Zones After 
Consulting with Local Agencies
Addressmatch Crash Data Using SCL Coverage to Determine Crash
Locations
Collect Crash Data From NDOT, Street Center Line (SCL) Coverage from
GISMO
Overlay Buffered Area on Zip Code Coverage to Determine Age 
Distribution of the Population within the Buffered Area
Create Buffer of One Quarter of a Mile Around High Pedestrian "Risk 
Locations to Identify Pedestrian Activity Area
Overlay Buffered Area on TAZ Coverage to Determine Population within
the Buffered Area
FIGURE 24 Systematic Procedure for Population Estimate
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Issues Related to Population Estimates 
Key details of crashes involving pedestrians were determined for the selected 34 high 
pedestrian risk location on yearly basis for the years from 1996 to 2001. In order to 
determine what age groups are most affected in terms of pedestrian safety, the population 
estimates and age distributions are required to be calculated for every year. One issue in 
coming up with population estimates for every year was that the TAZ data are published 
only once in every 5 years. TAZ data for the years 1995 and 2000 were available. Here 
the buffers around the selected 34 sites were overlaid on these TAZ data to determine the 
population around those sites for the years 1995 and 2000. There are several ways to 
determine the population in the intermediate years. For this study, a uniform rate of 
growth method is adopted for the same. This method assumes that the population 
increases at a consistent rate of annual growth over the period. The equation for this 
method is shown below:
Pn = P o ( I + r ) "   (I )
Where
Pn = Population in n* year 
Po = Current Population
r = Annual Rate of Increase in Population (expressed as a percent)
Equation (I) assumes that the population changes at a compounded annual growth rate, 
which might not be true for all sites. But it is a reasonable estimate in this case, 
especially since the population has to be estimated annually.
The first step in determining the population for all the intermediate years is to 
determine the rate of change in population. Since the population for the years 1995 and
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2000 are available for all the sites, the rate of change of population is determined using
these values. Equation (1) can be written as:
(1+r)" =Pn/Po 
1+r =(Pn/Po)
r = ( P „ /P o ) * '" - i .................... (2 )
By substituting values of P2000 and P 1995 for Pn and Pq respectively in equation (2 ), the rate 
of change is calculated for all the sites. Please note that the rate of change has the 
negative values for some sites, which suggest that population showed a decrease in 
population in the mentioned 5 years. Table 9 shows the populations for the years 1995 
and 2000, and the annual rate of change corresponding to these values. Using this rate of 
change, population for each the years from 1996 to 2001 are calculated, using equation 
(2), substituting the value of “r” and given “n”, values of 1,2, 3, 4, 5, and 6 . The final 
population estimates are shown in Table 10.
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TABLE 9 Rate of Change of Populations at the Selected Sites
Site# Location
Population for Years Annual Rate of 
Change (%)1995 2,000
1 Bonanza Rd/D St 358 590 10.52%
2 Bonanza Rd/F St 384 462 3.75%
3 Bonanza Rd/Las Vegas Blvd 1,188 1,323 2.16%
4 Charleston Blvd/Lamb Blvd 1,562 1,814 3.03%
5 Charleston Blvd/LV Blvd 1 ,1 2 0 1,133 0.23%
6 Charleston Blvd/Nellis Blvd 2,190 2,460 2.35%
7 Charleston Blvd: Lucerne St to Lamont St 2 ,0 1 2 2,420 3.76%
8 Decatur Blvd/Meadows Lane 1,282 1,073 -3.49%
9 Decatur Blvd/Washingon Ave 1,285 1,400 1.73%
10 Desert Inn Rd/Boulder Highway 950 1,059 2 .2 0 %
11 Eastern Ave/Bonanza Rd 2 ,1 0 1 2^#8 4.01%
12 Eastern Av/Charleston Blvd 2,533 2,287 -2.03%
13 Ramingo Rd/Boulder Hwy 1,429 1,285 -2.10%
14 Flamingo Rd/Koval Lane 1,577 2,698 11.34%
15 Flamingo Rd/Nellis Blvd 1,323 1,090 -3.80%
16 Flamingo Rd / Paradise Rd 2,016 %4M 4.26%
17 Harmon Ave/Paradise Rd 1,182 1,679 7.28%
18 LM Blvd: McCarran St to Belmont St 3,902 3,697 -1.07%
19 LV Blvd/Riviera Blvd 172 193 2.23%
2 0 Maryland Pkwy/Desert Inn Rd 1,885 1,880 -0.05%
21 Maryland Pkwy/Flamingo Rd 2,410 2,163 -2.13%
2 2 Maryland Pkwy/Karen Ave 1,311 1,292 -0.28%
23 Maryland Pkwy/Sahara Ave 1,241 1,252 0.17%
24 Maryland Pkwy/Sierra Vista Dr 2,408 2,481 0.60%
25 Maryland Pkwy/Tropicana Ave %276 2 ,2 2 0 -0.50%
26 Maryland Pkwy/Twain Rd 3,042 2,117 -7.00%
27 Sahara Ave/Decatur Blvd 1,966 1,904 -0.64%
28 Sahara Ave/Valley View Rd 1,485 1,966 5.77%
29 Tropicana Ave/Spencer St 2J52 1,975 -2.60%
30 LV Blvd/Fremont St 557 484 -2.76%
31 Maryland Pkwy/Dumont St 2,496 2,305 -1.58%
32 LM BIvd/Mc Daniel St 649 828 4.99%
33 LM Blvd/Pecos Rd 1,810 2,787 9.02%
34 LV Blvd/Lake Mead Dr 1,584 1,589 0.07%
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TABLE 10 Population Estimates for the Study Period
Site# Location
Population for Years
1996 1997 1998 1999 2000 2001
1 Bonanza Rd/D St 395 437 483 534 590 652
2 Bonanza Rd/F St 399 413 429 445 462 479
3 Bonanza Rd/Las Vegas Blvd 1,214 1,240 1,267 1,295 1,323 1,351
4 Charleston Blvd/Lamb Blvd 1,610 1,658 1,709 1,760 1,814 1,869
5 Charleston Blvd/LV Blvd 1,122 1,125 1,127 1,130 1,133 1,135
6 Charleston Blvd/Nellis Blvd 2,241 2,294 2,348 2,403 2,460 2,518
7 Charleston Blvd: Lucerne St to Lamont St 2,088 2,166 2,248 2,332 2,420 2,511
8 Decatur Blvd/Meadows Lane 1.237 1,194 1,152 1,112 1,073 1,036
9 Decatur Blvd/Washingon Ave 1,307 1,330 1,353 1,376 1,400 1,424
10 Desert Inn Rd/Boulder Highway 970 992 1,014 1,036 1,059 1,082
11 Eastern Ave/Bonanza Rd 2,185 2,273 2,364 2,459 2,558 2,661
12 Eastern Av/Charleston Blvd 2,482 2,432 2J82 2,334 2,287 2,241
13 Flamingo Rd/Boulder Hwy 1,399 1,369 1,340 1,312 1,285 1,257
14 Flamingo Rd/Koval Lane 1,755 1,954 2,176 2,423 2,698 3,003
15 Flamingo Rd/Nellis Blvd 1,273 1,224 1,178 1,133 1,090 1,049
16 Flamingo Rd / Paradise Rd 2,102 2H92 2,285 2,383 2,484 2,590
17 Harmon Ave/Paradise Rd 1,268 1,360 1,459 1,565 1,679 1,801
18 LM Blvd; McCarran St to Belmont St 3,860 3,819 3,778 3,737 3,697 3,657
19 LV Blvd/Riviera Blvd 176 180 184 188 193 197
20 Maryland Pkwy/Desert Inn Rd 1,884 1,883 1,882 1,881 1,880 1,879
21 Maryland Pkwy/Flamingo Rd 2J58 2J08 2,259 2,210 2,163 2,117
22 Maryland Pkwy/Karen Ave 1,307 1,303 1,299 1,296 1,292 1,288
23 Maryland Pkwy/Sahara Ave 1,243 1,245 1,248 1,250 1,252 1,254
24 Maryland Pkwy/Sierra Vista Dr 2,422 2,437 2,451 2,466 2,481 2,496
25 Maryland Pkwy/Tropicana Ave 2,265 2,253 2,242 2,231 2,220 2,208
26 Maryland Pkwy/Twain Rd 2,829 2,631 2,447 2,276 2,117 1,969
27 Sahara Ave/Decatur Blvd 1,953 1,941 1,929 1,916 1,904 1,892
28 Sahara Ave/Valley View Rd 1,571 1,662 1,758 1,859 1,966 2,080
29 Tropicana Ave/Spencer St 2,194 2,137 2,081 2,027 1,975 1,923
30 LV Blvd/Fremont St 541 526 512 498 484 471
31 Maryland Pkwy/Dumont St 2,457 2,418 2J80 2,342 2,305 2,269
32 LM Blvd/Mc Daniel St 682 716 751 789 828 869
33 LM Blvd/Pecos Rd 1,973 2,151 2,345 2,556 2,787 3,CG8
34 LV Blvd/Lake Mead Dr 1,585 1,586 1,587 1,588 1,589 1,590
Having determined the total population, the next step is to determine the population based 
on age group. Since the TAZ data set does not contain age related information. Zip Code 
data are used to calculate the age distribution of the population. The Va mile buffered 
area around each site is overlaid on the Zip Code coverage. In most cases, there was 
more than one Zip Code that fell within the same buffered area. Here the total population
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within the crash location is divided based on the portion of area contained within each 
Zip Code. The estimated distribution of population based on different age groups is 
shown in Table 11. Here, the calculation for the first 12 sites is shown. First, the total 
population is determined based on the TAZ level data. This is the population that lives 
within a buffer of one quarter of a mile from the location. Using overlay analysis, the 
percent of area of this buffer which lies on different Zip codes are determined. For 
example, for the location Bonanza Road/D Street, 95 percent of the area around the 
location falls within the Zip Code 89106, and the remaining 5 percent within the Zip 
Code 89101 as shown in the Figure 25. The total population within the buffer around this 
site is 404. It is distributed between Zip Codes 89106 and 89101 based on the above 
mentioned ratio. This calculation shows that out of the total population of 404, about 95 
percent (384 people) belong to the Zip Code 89106 and 5 percent (19 people) belong to 
the Zip Code 89101. Age distribution of the population is available for each Zip Code 
for all the years from 1996 to 2001. Using this information, the populations belonging to 
different age groups are determined. The same analysis is done for all the 34 selected 
sites and Tables 12, 13, and 14 summarize the age distribution of the population for these 
sites for the year 1996, 1997, and 1998 respectively. The calculations for determining 
the population are shown below.
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FIGURE 25 Buffer Around Bonanza Road / D Street and Zip Code Boundary
Consider buffered area around a high pedestrian risk location as shown in Figure 26. 
Here, the buffered area is distributed among three different Zip Codes, viz. 1, 2, and 3.
Let Aj = Area in the Buffer that is contained in Zip Code ‘i’
Now, Total Buffered Area, A = ^  A, — A] + A? + Ai
;=1
Let P = Population in the buffer area
and Pi = Population in the buffer area contained in Zip Code ‘i’
then. Pi = P.( Ai / ^Ai)
Let Zi j = Percent Population in age group j in all of Zip Code “I”
Then, Population in age group j in Area A i, POP.AGE ij = P i . Zy
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Now, Population in age group j in Area A, POP. AGE j = ^  POP. AGE i j
Zip Code Boundary
O Buffered AreaNot to Scale
FIGURE 26 Determining Age Distribution of Population from Multiple Zip Codes
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TABLE 11 Calculation of Population Distribution
Location
Total
Population Zip Code Share
Population
Share
Age Group % Age Group #
<18 18-54 55-64 >64 <18 18-54 55-64 >64
Bonanza Rd/D St 395 89106 0.95 377 26 50 14 10 98 190 53 36
89101 0.05 19 30 44 10 16 6 8 2 3
Bonanza Rd/F St 399 89106 1.00 399 26 50 14 10 104 201 56 38
Bonanza Rd/Las Vegas Blvd 1,214 89101 1.00 1,214 30 44 10 16 364 535 119 195
Charleston Blvd/Lamb Blvd 1,610 89110 0.50 805 41 42 7 9 330 342 57 76
89104 0.50 805 25 44 12 20 201 350 97 157
Charleston Blvd/LV Blvd 1,122 89101 0.50 561 30 44 10 16 168 247 55 90
89104 0.50 561 25 44 12 20 140 244 67 109
Charleston Blvd: Lucerne St to Lamont St 2,241 89110 0.50 1,120 41 42 7 9 459 476 79 106
89104 0.50 1,121 25 44 12 20 280 488 135 219
Charleston Blvd/Nellis Blvd 2,088 89110 0.49 1,031 41 42 7 9 423 438 73 97
89122 0.27 569
89104 0.23 488 25 44 12 20 122 212 59 95
Decatur Blvd/Meadows Lane 1,237 89107 1.00 1,237 31 40 14 15 383 495 171 188
Decattir Blvd/Washingon Ave 1,307 89108 0.50 650 38 45 9 9 247 290 56 56
89107 0.50 657 31 40 14 15 204 263 91 100
Desert Inn Rd/Boulder Highway 970 89121 1.00 970 23 45 14 18 223 441 135 172
Eastern Ave/Bonanza Rd 2,185 89101 1.00 2,185 30 44 10 16 656 964 214 352
Eastern Av/Charleston Blvd 2,482 89101 0.50 1,238 30 44 10 16 371 546 121 199
89104 0.50 1,244 25 44 12 20 311 541 149 243
TABLE 12 Summary of the Population Age Distribution for the Year 1996
Site# Location Total
Population for Age Groups
<18 18-54 >54 >64
1 Bonanza Rd/D St 395 104 198 94 39
2 Bonanza Rd/F St 399 104 201 94 38
3 Bonanza Rd/Las Vegas Blvd 1,214 364 535 314 195
4 Charleston Blvd/Lamb Blvd 1,610 531 692 387 233
5 Charleston Blvd/LV Blvd 1,122 309 492 322 200
6 Charleston Blvd/Nellis Blvd 2,241 739 964 538 324
7 Charleston Blvd: Lucerne St to Lamont St 2,088 545 650 324 193
8 Decatur Blvd/Meadows Lane 1,237 383 495 358 188
9 Decatur Blvd/Washingon Ave 1,307 451 553 303 156
10 Desert Inn Rd/Boulder Highway 970 223 441 306 172
11 Eastern Ave/Bonanza Rd 2,185 656 964 566 352
12 Eastern Av/Charleston Blvd 2,482 682 1,087 713 442
13 Flamingo Rd/Boulder Hwy 1,399 352 626 421 239
14 Flamingo Rd/Koval Lane 1,755 439 829 487 303
15 Flamingo Rd/Nellis Blvd 1,273 357 558 359 206
16 Flamingo Rd / Paradise Rd 2,102 463 1,016 624 403
17 Harmon Ave/Paradise Rd 1,268 279 613 376 243
18 LM Blvd: McCarran St to Belmont St 3,860 1,776 1,522 563 292
19 LV Blvd/Riviera Blvd 176 44 83 49 30
20 Maryland Pkwy/Desert Inn Rd 1,884 471 890 523 325
21 Maryland Pkwy/Flamingo Rd 2J58 448 1,165 745 497
22 Maryland Pkwy/Karen Ave 1,307 327 617 363 226
23 Maryland Pkwy/Sahara Ave 1,243 311 564 369 229
24 Maryland Pkwy/Sierra Vista Dr %422 606 1,145 672 418
25 Maryland Pkwy/Tropicana Ave 2,265 430 1,119 715 477
26 Maryland Pkwy/Twain Rd %#29 627 1,366 837 539
27 Sahara Ave/Decatiu" Blvd 1,953 664 864 425 258
28 Sahara Ave/Valley View Rd 1,571 534 695 342 207
29 Tropicana Ave/Spencer St 2,194 417 1,084 693 462
30 LV Blvd/Fremont St 541 162 239 140 87
31 Maryland Pkwy/Dumont St 2,457 611 1,162 684 426
32 LM Blvd/Mc Daniel St 682 314 269 99 52
33 LM Blvd/Pecos Rd 1,973 947 774 252 119
34 LV Blvd/Lake Mead Dr 1,585 729 625 231 120
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TABLE 13 Summary of the Population Age Distribution for the Year 1997
Site# Location Total
Population for Age Groups
<18 18-54 55-64 <64
1 Bonanza Rd/D St 437 119 203 57 58
2 Bonanza Rd/F St 413 112 193 54 54
3 Bonanza Rd/Las Vegas Blvd 1,240 385 531 137 188
4 Charleston Blvd/Lamb Blvd 1,658 556 731 150 222
5 Charleston Blvd/LV Blvd 1,125 321 494 120 189
6 Charleston Blvd/Nellis Blvd 2,294 768 1,012 207 307
7 Charleston Blvd: Lucerne St to Lamont St 2,166 570 689 135 182
8 Decatur Blvd/Meadows Lane 1,194 346 509 144 195
9 Decatur Blvd/Washingon Ave 1,330 432 594 140 164
10 Desert Inn Rd/Boulder Highway 992 228 458 145 160
11 Eastern Ave/Bonanza Rd 2,273 705 972 251 345
12 Eastern Av/Charleston Blvd 2,432 693 1,069 260 410
13 Flamingo Rd/Boulder Hwy 1,369 356 621 183 209
14 Flamingo Rd/Koval Lane 1,954 391 891 281 391
15 Flamingo Rd/Nellis Blvd 1,224 367 541 144 172
16 Flamingo Rd / Paradise Rd 2,192 471 1,115 251 354
17 Harmon Ave/Paradise Rd 1,360 292 692 156 220
18 LM Blvd: McCarran St to Belmont St 3,819 1,795 1,518 243 263
19 LV Blvd/Riviera Blvd 180 36 82 26 36
20 Maryland Pkwy/Desert Inn Rd 1,883 377 858 271 377
21 Maryland Pkwy/Flamingo Rd 2J08 531 1,297 195 284
22 Maryland Pkwy/Karen Ave 1,303 261 594 187 261
23 Maryland pkwy/Sahara Ave 1,245 287 565 154 240
24 Maryland Pkwy/Sierra Vista Dr 2437 487 1,111 351 487
25 Maryland Pkwy/Tropicana Ave 2,253 518 1,267 191 278
26 Maryland Pkwy/Twain Rd 2,631 564 1,333 305 430
27 Sahara Ave/Decatur Blvd 1,941 602 884 201 254
28 Sahara Ave/Valley View Rd 1,662 515 757 172 218
29 Tropicana Ave/Spencer St 2,137 491 1,201 181 263
30 LV Blvd/Fremont St 526 163 225 58 80
31 Maryland Pkwy/Dumont St 2,418 485 1,108 345 480
32 LM Blvd/Mc Daniel St 716 336 284 46 49
33 LM Blvd/Pecos Rd 2,151 1,000 880 138 132
34 LV Blvd/Lake Mead Dr Lj#6 745 630 101 109
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TABLE 14 Summary of the Population Age Distribution for the Year 1998
Site# Location Total
Population for Age Groups
<18 18-54 >54 >64
1 Bonanza Rd/D St 483 131 225 127 64
2 Bonanza Rd/F St 429 116 200 113 56
3 Bonanza Rd/Las Vegas Blvd 1,267 393 542 332 192
4 Charleston Blvd/Lamb Blvd 1,709 572 754 383 229
5 Charleston Blvd/LV Blvd 1,127 321 496 310 190
6 Charleston Blvd/Nellis Blvd 2,348 786 1,036 526 314
7 Charleston Blvd: Lucerne St to Lamont St 2,248 592 715 329 189
8 Decatur Blvd/Meadows Lane 1,152 334 491 327 188
9 Decatur Blvd/Washingon Ave 1,353 439 604 309 167
10 Desert Inn Rd/Boulder Highway 1,014 233 468 312 164
11 Eastern Ave/Bonanza Rd 2,364 733 1,011 620 359
12 Eastern Av/Charleston Blvd 2J82 679 1,047 656 401
13 Flamingo Rd/Boulder Hwy 1,340 349 608 384 205
14 Flamingo Rd/Koval Lane 2,176 435 992 749 435
15 Flamingo Rd/Nellis Blvd 1,178 354 521 304 166
16 Flamingo Rd / Paradise Rd 2,285 491 1,163 631 370
17 Harmon Ave/Paradise Rd 1,459 314 743 403 236
18 LM Blvd: McCarran St to Belmont St 3J78 1,776 1,502 501 260
19 LV Blvd/Riviera Blvd 184 37 84 63 37
20 Maryland Pkwy/Desert Inn Rd L882 376 858 647 376
21 Maryland Pkwy/Flamingo Rd 2,259 519 1,270 470 278
22 Maryland Pkwy/Karen Ave 1,299 260 593 447 260
23 Maryland Pkwy/Sahara Ave 1,248 287 566 394 240
24 Maryland Pkwy/Sierra Vista Dr 2,451 490 1,118 843 490
25 Maryland Pkwy/Tropicana Ave 2,242 516 1,260 466 276
26 Maryland Pkwy/Twain Rd 2447 524 1,239 684 400
27 Sahara Ave/Decatur Blvd 1,929 598 878 452 253
28 Sahara Ave/Valley View Rd 1,758 545 800 412 230
29 Tropicana Ave/Spencer St 2,081 479 1,170 433 256
30 LV Blvd/Fremont St 512 159 219 134 78
31 Maryland Pkwy/Dumont St 2,380 477 1,090 812 472
32 LM Blvd/Mc Daniel St 751 353 299 100 52
33 LM Blvd/Pecos Rd 2J45 1,090 960 295 144
34 LV Blvd/Lake Mead Dr 1,587 746 631 210 109
In the year 1999, there was a major shuffling o f Zip Codes, with introduction of  
nine new Zip Codes. As a result, the total number of Zip Codes in Las Vegas Valley 
increased from 36 to 45. Figures 27 and 28 show Zip Codes for the years 1996 to 1998 
and 1999 respectively. The changes are clearly evident when Figures 27 and 28 are
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compared. For example, Zip Code 89102 in the old Zip Code scheme (Figure 27) is split 
into Zip Codes 89146 and 89102 in the new scheme (Figure 28). Hence the Zip Code 
coverage is changed for the analyses for 1999 and 2000 and the overlay analysis was 
performed using the new Zip Code coverage for determining the age distribution for the 
selected sites for the years 1999, 2000, and 2001. The results of these analyses are 
presented in Tables 15, 16, and 17 respectively.
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TABLE 15 Summary of the Population Age Distribution for the Year 1999
Site# Location Total
Population for Age Groups
<18 18-54 >54 >64
1 Bonanza Rd/D St 534 159 213 162 91
2 Bonanza Rd/F St 445 134 178 134 75
3 Bonanza Rd/Las Vegas Blvd 1,295 311 531 453 275
4 Charleston Blvd/Lamb Blvd 1,760 528 734 499 308
5 Charleston Blvd/LV Blvd 1,130 254 468 407 263
6 Charleston Blvd/Nellis Blvd 2,403 721 1,002 681 421
7 Charleston Blvd; Lucerne St to Lamont St 2J32 869 947 517 300
8 Decatur Blvd/Meadows Lane 1,112 311 456 344 224
9 Decatur Blvd/Washingon Ave 1,376 433 573 370 237
10 Desert Inn Rd/Boulder Highway 1,036 228 436 372 218
11 Eastern Ave/Bonanza Rd 2,459 590 1,009 860 523
12 Eastern Av/Charleston Blvd 2,334 525 968 841 544
13 Flamingo Rd/Boulder Hwy 1,312 300 557 455 259
14 Flamingo Rd/Koval Lane 2,423 363 1,153 906 535
15 Flamingo Rd/Nellis Blvd 1,133 272 486 375 203
16 Flamingo Rd / Paradise Rd 2J83 488 1,193 702 414
17 Harmon Ave/Paradise Rd 1,565 321 784 461 271
18 LM Blvd; McCarran St to Belmont St 3,737 1,383 1,719 636 353
19 LV Blvd/Riviera Blvd 188 28 90 70 42
20 Maryland Pkwy/Desert Inn Rd 1,881 282 895 703 416
21 Maryland Pkwy/Flamingo Rd 2,210 575 1,161 474 278
22 Maryland Pkwy/Karen Ave 1,296 195 616 485 287
23 Maryland Pkwy/Sahara Ave 1,250 225 559 466 296
24 Maryland Pkwy/Sierra Vista Dr 2,466 370 1,174 922 545
25 Maryland Pkwy/Tropicana Ave 2J3I 580 1,172 479 281
26 Maryland Pkwy/Twain Rd 2,276 460 1,137 679 400
27 Sahara Ave/Decatur Blvd 1,916 565 814 230 307
28 Sahara Ave/Valley View Rd 1,859 483 757 248 371
29 Tropicana Ave/Spencer St 2,027 527 1,065 180 255
30 LV Blvd/Fremont St 498 119 204 68 106
31 Maryland Pkwy/Dumont St 2,342 357 1,117 355 513
32 LM Blvd/Mc Daniel St 789 292 363 60 75
33 LM Blvd/Pecos Rd 2,556 1,048 1,122 174 212
34 LV Blvd/Lake Mead Dr 1,588 587 730 120 150
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TABLE 16 Summary of the Population Age Distribution for the Year 2000
Site# Location Total
Population for Age Groups
<18 18-54 >54 > 64
1 Bonanza Rd/D St 590 158 254 178 104
2 Bonanza Rd/F St 462 125 199 138 81
3 Bonanza Rd/Las Vegas Blvd 1,323 291 567 464 268
4 Charleston Blvd/Lamb Blvd 1,814 580 725 508 326
5 Charleston Blvd/LV Blvd 1,133 249 473 411 269
6 Charleston Blvd/Nellis Blvd 2,460 787 984 689 443
7 Charleston Blvd: Lucerne St to Lamont St 2,420 930 961 530 308
8 Decatur Blvd/Meadows Lane 1,073 311 419 343 244
9 Decatur Blvd/Washingon Ave 1,400 441 560 399 270
10 Desert Inn Rd/Boulder Highway 1,059 265 405 389 230
11 Eastern Ave/Bonanza Rd 2,558 563 1,097 898 519
12 Eastern Av/Charleston Blvd 2,287 503 954 830 544
13 Flamingo Rd/Boulder Hwy 1,285 324 494 467 272
14 Flamingo Rd/Koval Lane 2,698 540 1,165 993 583
15 Flamingo Rd/Nellis Blvd 1,090 278 422 390 223
16 Flamingo Rd / Paradise Rd 2,484 596 1,153 735 430
17 Harmon Ave/Paradise Rd 1,679 403 780 496 290
18 LM Blvd: McCarran St to Belmont St 3,697 1,442 1,556 699 383
19 LV Blvd/Riviera Blvd 193 39 83 71 42
20 Maryland Pkwy/Desert Inn Rd 1,880 376 812 692 406
21 Maryland Pkwy/Flamingo Rd 2,163 606 1,075 483 280
22 Maryland Pkwy/Karen Ave 1,292 259 558 476 279
23 Maryland Pkwy/Sahara Ave 1,252 263 524 465 306
24 Maryland Pkwy/Sierra Vista Dr 2,481 496 1,072 913 536
25 Maryland Pkwy/Tropicana Ave 2,220 621 1,103 495 288
26 Maryland Pkwy/Twain Rd 2,117 504 980 633 370
27 Sahara Ave/Decatur Blvd 1,904 590 827 197 291
28 Sahara Ave/Valley View Rd 1,966 570 838 195 363
29 Tropicana Ave/Spencer St 1,975 553 981 185 256
30 LV Blvd/Fremont St 484 106 208 72 98
31 Maryland Pkwy/Dumont St 2,305 465 999 348 494
32 LM Blvd/Mc Daniel St 828 323 349 71 86
33 LM Blvd/Pecos Rd 2,787 1,198 1,155 215 218
34 LV Blvd/Lake Mead Dr 1,589 620 669 136 165
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TABLE 17 Summary of the Population Age Distribution for the Year 2001
Site# Location Total
Population for Age Groups
<18 18-54 >54 > 64
1 Bonanza Rd/D St 652 195 275 183 100
2 Bonanza Rd/F St 479 144 201 134 74
3 Bonanza Rd/Las Vegas Blvd 1,351 365 612 375 207
4 Charleston Blvd/Lamb Blvd 1,869 682 753 433 270
5 Charleston Blvd/LV Blvd 1,135 324 491 320 202
6 Charleston Blvd/Nellis Blvd 2,518 919 1,015 584 363
7 Charleston Blvd: Lucerne St to Lamont St 2,511 1,024 1,018 469 266
8 Decatur Blvd/Meadows Lane 1,036 280 416 340 219
9 Decatur Blvd/Washingon Ave 1,424 413 590 421 264
10 Desert Inn Rd/Boulder Highway 1,082 249 583 425 233
11 Eastern Ave/Bonanza Rd 2,661 718 1,204 738 408
12 Eastern Av/Charleston Blvd 2,241 639 970 632 399
13 Flamingo Rd/Boulder Hwy 1,257 319 641 457 252
14 Flamingo Rd/Koval Lane 3,003 661 1,476 867 539
15 Flamingo Rd/Nellis Blvd 1,049 299 494 341 189
16 Flamingo Rd / Paradise Rd 2,590 686 L262 642 376
17 Harmon Ave/Paradise Rd 1,801 477 878 446 261
18 LM Blvd; McCarran St to Belmont St 3,657 1,500 1,467 691 388
19 LV Blvd/Riviera Blvd 197 43 97 57 35
20 Maryland Pkwy/Desert Inn Rd 1,879 413 923 542 337
21 Maryland Pkwy/Flamingo Rd 2,117 656 1,023 438 234
22 Maryland Pkwy/Karen Ave 1,288 284 633 372 231
23 Maryland Pkwy/Sahara Ave 1,254 327 567 361 240
24 Maryland Pkwy/Sierra Vista Dr 2,496 549 1,226 720 448
25 Maryland Pkwy/Tropicana Ave 2,208 685 1,067 457 244
26 Maryland Pkwy/Twain Rd 1,969 517 960 492 289
27 Sahara Ave/Decatur Blvd 1^#2 331 393 80 141
28 Sahara Ave/Valley View Rd 2,080 728 865 176 311
29 Tropicana Ave/Spencer St 1,923 596 929 186 212
30 LV Blvd/Fremont St 471 127 213 58 72
31 Maryland Pkwy/Dumont St 2,269 503 1,115 247 404
32 LM Blvd/Mc Daniel St 869 356 349 72 92
33 LM Blvd/Pecos Rd 3,038 1,306 1,286 217 228
34 LV Blvd/Lake Mead Dr 1,590 652 638 131 169
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FIGURE 28 Zip Code for Las Vegas Metropolitan Area for Years 1998 to 2001
The total population and its age distribution are determined for each site for each 
year from 1996 to 2001, as explained in the previous section. The Pedestrian Crash data 
during the same period were analyzed to determine the number of pedestrian crashes by 
different age groups for this period. These results are summarized in Table 18.
TABLE 18 Pedestrian Crashes Based on Pedestrian Age for the years 1996 to 2001
Site# Location
Total# of 
Crashes
Pedestrian Age Group
<18 18-54 >54 Unknown
1 Bonanza Rd/D St 4 0 1 2 I
2 Bonanza Rd/F St 7 0 2 2 3
3 Bonanza Rd/Las Vegas Blvd 9 0 4 2 3
4 Charleston Blvd/Lamb Blvd 12 4 7 0 1
5 Charleston Blvd/LV Blvd 14 0 10 2 2
6 Charleston Blvd/Nellis Blvd 21 5 14 2 0
7 Charleston Blvd: Lucerne St to Lamont St 10 4 5 1 0
8 Decatur Blvd/Meadows Lane 7 2 2 2 1
9 Decatur Blvd/Washingon Ave 7 5 1 1 0
10 Desert Inn Rd/Boulder Highway 14 1 10 2 I
11 Eastern Ave/Bonanza Rd 8 3 3 0 2
12 Eastern Av/Charleston Blvd 11 2 7 I 1
13 Flamingo Rd/Boulder Hwy 8 1 5 2 0
14 Flamingo Rd/Koval Lane 18 1 12 2 3
15 Flamingo Rd/Nellis Blvd 9 3 5 1 0
16 Flamingo Rd / Paradise Rd 15 1 13 I 0
17 Harmon Ave/Paradise Rd 10 0 6 2 2
18 LM Blvd: McCarran St to Belmont St 15 4 6 3 2
19 LV Blvd/Riviera Blvd 22 3 8 11 0
20 Maryland Pkwy/Desert Inn Rd 19 3 10 2 4
21 Maryland Pkwy/Flamingo Rd 26 4 17 3 2
22 Maryland Pkwy/Karen Ave 9 2 5 2 0
23 Maryland Pkwy/Sahara Ave 14 1 8 2 3
24 Maryland Pkwy/Sierra Vista Dr 17 3 14 0 0
25 Maryland Pkwy/Tropicana Ave 20 7 9 2 2
26 Maryland Pkwy/Twain Rd 16 1 9 4 2
27 Sahara Ave/Decatur Blvd 9 2 6 0 I
28 Sahara Ave/Valley View Rd 9 1 6 I 1
29 Tropicana Ave/Spencer St 6 1 3 1 1
30 LV Blvd/Fremont St 17 2 7 7 1
31 Maryland Pkwy/Dumont St 9 6 I I I
32 LM Blvd/Mc Daniel St 10 3 5 1 1
33 LM Blvd/Pecos Rd 15 7 6 I 1
34 LV Blvd/Lake Mead Dr 14 3 8 1 2
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Calculation of Crash Rate based on Population 
The Pedestrian Crash Rate estimated as the number of pedestrian crashes per total 
population around a location is a good indication of pedestrian safety and pedestrian 
activity around that area. Crash Rates can be determined based on total number of 
crashes for each age group. The population estimates showed that the population changed 
every year. Therefore, in order to determine a crash rate, the total crashes and age 
distribution of the population have to be determined for each year from 1996 to 2001. 
Tables 19, 20, 21, 22, 23, and 24 show number of pedestrian crashes based on age groups 
for the years 1996, 1997, 1998, 1999, 2000, and 2001 respectively.
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TABLE 19 Pedestrian Crashes Based on Pedestrian Age for the year 1996
Site# Location
Total# of 
Crashes
Pedestrian Age Group
<18 18-54 >54 Unknown
1 Bonanza Rd/D St 1 0 0 0 1
2 Bonanza Rd/F St 1 0 0 0 1
3 Bonanza Rd/Las Vegas Blvd 2 0 0 0 2
4 Charleston Blvd/Lamb Blvd 2 0 2 0 0
5 Charleston Blvd/LV Blvd 8 0 6 0 2
6 Charleston Blvd/Nellis Blvd 2 1 1 0 0
7 Charleston Blvd: Lucerne St to Lamont St 1 1 0 0 0
8 Decatur Blvd/Meadows Lane 3 0 2 1 0
9 Decatur Blvd/Washingon Ave 2 2 0 0 0
10 Desert Inn Rd/Boulder Highway 2 0 2 0 0
11 Eastern Ave/Bonanza Rd 2 1 0 0 1
12 Eastern Av/Charleston Blvd 2 1 1 0 0
13 Flamingo Rd/Boulder Hwy 0 0 0 0 0
14 Flamingo Rd/Koval Lane 3 0 2 1 0
15 Flamingo Rd/Nellis Blvd 2 1 1 0 0
16 Flamingo Rd / Paradise Rd 4 1 3 0 0
17 Harmon Ave/Paradise Rd 2 0 1 1 0
18 LM Blvd: McCarran St to Belmont St 1 0 0 0 1
19 LV Blvd/Riviera Blvd 7 0 3 4 0
20 Maryland Pkwy/Desert Inn Rd 1 0 0 0 1
21 Maryland Pkwy/Flamingo Rd 3 0 3 0 0
22 Maryland Pkwy/Karen Ave 2 1 1 0 0
23 Maryland Pkwy/Sahara Ave 2 0 1 0 1
24 Maryland Pkwy/Sierra Vista Dr 3 1 2 0 0
25 Maryland Pkwy/Tropicana Ave 3 2 1 0 0
26 Maryland Pkwy/Twain Rd 0 0 0 0 0
27 Sahara Ave/Decatur Blvd 0 0 0 0 0
28 Sahara Ave/Valley View Rd 0 0 0 0 0
29 Tropicana Ave/Spencer St 1 0 1 0 0
30 LV Blvd/Fremont St 3 0 2 1 0
31 Maryland Pkwy/Dumont St 3 3 0 0 0
32 LM Blvd/Mc Daniel St 2 0 1 1 0
33 LM Blvd/Pecos Rd 0 0 0 0 0
34 LV Blvd/Lake Mead Dr 5 1 4 0 0
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TABLE 20 Pedestrian Crashes Based on Pedestrian Age for the year 1997
Site# Location
Total# of 
Crashes
Pedestrian Age Group
<18 18-54 >54 Unknown
1 Bonanza Rd/D St 0 0 0 0 0
2 Bonanza Rd/F St 1 0 1 0 0
3 Bonanza Rd/Las Vegas Blvd 3 0 2 1 0
4 Charleston Blvd/Lamb Blvd 4 3 0 0 1
5 Charleston Blvd/LV Blvd 1 0 1 0 0
6 Charleston Blvd/Nellis Blvd 5 0 5 0 0
7 Charleston Blvd: Lucerne St to Lamont St 3 2 0 1 0
8 Decatur Blvd/Meadows Lane 0 0 0 0 0
9 Decatur Blvd/Washingon Ave 2 2 0 0 0
10 Desert Inn Rd/Boulder Highway 3 0 2 1 0
11 Eastern Ave/Bonanza Rd 2 1 1 0 0
12 Eastern Av/Charleston Blvd 5 1 2 1 1
13 Flamingo Rd/Boulder Hwy 2 1 1 0 0
14 Flamingo Rd/Koval Lane 5 1 3 1 0
15 Flamingo Rd/Nellis Blvd 1 1 0 0 0
16 Flamingo Rd / Paradise Rd 3 0 3 0 0
17 Harmon Ave/Paradise Rd 3 0 0 1 2
18 LM Blvd: McCarran St to Belmont St 1 0 0 0 1
19 LV Blvd/Riviera Blvd 3 0 1 2 0
20 Maryland Pkwy/Desert Inn Rd 3 1 2 0 0
21 Maryland Pkwy/Flamingo Rd 6 2 1 1 2
22 Maryland Pkwy/Karen Ave 0 0 0 0 0
23 Maryland Pkwy/Sahara Ave 3 1 2 0 0
24 Maryland Pkwy/Sierra Vista Dr 3 0 3 0 0
25 Maryland Pkwy/Tropicana Ave 5 2 3 0 0
26 Maryland Pkwy/Twain Rd 4 0 2 2 0
27 Sahara Ave/Decatur Blvd 1 0 1 0 0
28 Sahara Ave/Valley View Rd 2 0 2 0 0
29 Tropicana Ave/Spencer St 0 0 0 0 0
30 LV Blvd/Fremont St 6 1 1 3 1
31 Maryland Pkwy/Dumont St 2 1 0 1 0
32 LM Blvd/Mc Daniel St 1 0 1 0 0
33 LM Blvd/Pecos Rd 3 2 1 0 0
34 LV Blvd/Lake Mead Dr 2 0 0 0 2
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TABLE 21 Pedestrian Crashes Based on Pedestrian Age for the year 1998
Site# Location
Total # of 
Crashes
Pedestrian Age Group
<18 18-54 >54 Unknown
1 Bonanza Rd/D St I 0 0 I 0
2 Bonanza Rd/F St I 0 I 0 0
3 Bonanza Rd/Las Vegas Blvd 2 0 2 0 0
4 Charleston Blvd/Lamb Blvd 4 0 4 0 0
5 Charleston Blvd/LV Blvd 1 0 1 0 0
6 Charleston Blvd/Nellis Blvd 5 I 4 0 0
7 Charleston Blvd: Lucerne St to Lamont St 2 I I 0 0
8 Decatur Blvd/Meadows Lane 1 I 0 0 0
9 Decatur Blvd/Washingon Ave 0 0 0 0 0
10 Desert Inn Rd/Boulder Highway 3 0 2 I 0
11 Eastern Ave/Bonanza Rd I I 0 0 0
12 Eastern Av/Charleston Blvd I 0 1 0 0
13 Flamingo Rd/Boulder Hwy I 0 I 0 0
14 Flamingo Rd/Koval Lane 3 0 3 0 0
15 Flamingo Rd/Nellis Blvd 0 0 0 0 0
16 Flamingo Rd / Paradise Rd 3 0 3 0 0
17 Harmon Ave/Paradise Rd 1 0 1 0 0
18 LM Blvd: McCarran St to Belmont St 3 2 0 1 0
19 LV Blvd/Riviera Blvd 2 I 0 1 0
20 Maryland Pkwy/Desert Inn Rd 3 I 2 0 0
21 Maryland Pkwy/Flamingo Rd 5 I 3 I 0
22 Maryland Pkwy/Karen Ave 2 0 1 1 0
23 Maryland Pkwy/Sahara Ave 3 0 1 I 1
24 Maryland Pkwy/Sierra Vista Dr 2 0 2 0 0
25 Maryland Pkwy/Tropicana Ave 3 I I 0 1
26 Maryland Pkwy/Twain Rd 3 0 2 0 1
27 Sahara Ave/Decatur Blvd 2 0 2 0 0
28 Sahara Ave/Valley View Rd 3 0 2 0 I
29 Tropicana Ave/Spencer St I 0 1 0 0
30 LV Blvd/Fremont St 0 0 0 0 0
31 Maryland Pkwy/Dumont St 1 0 0 0 1
32 LM Blvd/Mc Daniel St 2 2 0 0 0
33 LM Blvd/Pecos Rd 4 3 1 0 0
34 LV Blvd/Lake Mead Dr 0 0 0 0 0
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TABLE 22 Pedestrian Crashes Based on Pedestrian Age for the year 1999
Site# Location
Total# of 
Crashes
Pedestrian Age Group
<18 18-54 >54 Unknown
1 Bonanza Rd/D St 1 0 0 1 0
2 Bonanza Rd/F St 3 0 0 2 1
3 Bonanza Rd/Las Vegas Blvd 0 0 0 0 0
4 Charleston Blvd/Lamb Blvd 2 1 1 0 0
5 Charleston Blvd/LV Blvd 1 0 0 1 0
6 Charleston Blvd/Nellis Blvd 4 2 2 0 0
7 Charleston Blvd: Lucerne St to Lamont St 1 0 1 0 0
8 Decatur Blvd/Meadows Lane 1 0 0 1 0
9 Decatur Blvd/Washingon Ave 2 1 1 0 0
10 Desert Inn Rd/Boulder Highway 5 1 3 0 1
11 Eastern Ave/Bonanza Rd 2 0 2 0 0
12 Eastern Av/Charleston Blvd 1 0 1 0 0
13 Flamingo Rd/Boulder Hwy 1 0 0 1 0
14 Flamingo Rd/Koval Lane 4 0 2 0 2
15 Flamingo Rd/Nellis Blvd 2 0 1 1 0
16 Flamingo Rd / Paradise Rd 1 0 1 0 0
17 Harmon Ave/Paradise Rd 2 0 2 0 0
18 LM Blvd: McCarran St to Belmont St 4 1 3 0 0
19 LV Blvd/Riviera Blvd 5 1 3 1 0
20 Maryland Pkwy/Desert Inn Rd 5 1 3 0 1
21 Maryland Pkwy/Hamingo Rd 5 1 3 1 0
22 Maryland Pkwy/Karen Ave 3 1 1 1 0
23 Maryland Pkwy/Sahara Ave 1 0 1 0 0
24 Maryland Pkwy/Sierra Vista Dr 5 1 4 0 0
25 Maryland Pkwy/Tropicana Ave 5 1 2 1 1
26 Maryland Pkwy/Twain Rd 2 0 2 0 0
27 Sahara Ave/Decatur Blvd 5 2 3 0 0
28 Sahara Ave/V alley View Rd 1 1 0 0 0
29 Tropicana Ave/Spencer St 3 1 1 0 1
30 LV Blvd/Fremont St 4 0 3 1 0
31 Maryland Pkwy/Dumont St 1 0 1 0 0
32 LM Blvd/Mc Daniel St 2 1 0 0 1
33 LM Blvd/Pecos Rd 1 0 1 0 0
34 LV Blvd/Lake Mead Dr 3 1 1 1 0
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TABLE 23 Pedestrian Crashes Based on Pedestrian Age for the year 2000
Site# Location
Total# of 
Crashes
Pedestrian Age Group
<18 18-54 >54 Unknown
1 Bonanza Rd/D St 0 0 0 0 0
2 Bonanza Rd/F St 1 0 0 0 1
3 Bonanza Rd/Las Vegas Blvd 0 0 0 0 0
4 Charleston Blvd/Lamb Blvd 0 0 0 0 0
5 Charleston Blvd/LV Blvd 2 0 1 1 0
6 Charleston Blvd/Nellis Blvd 3 1 1 1 0
7 Charleston Blvd: Lucerne St to Lamont St 2 0 2 0 0
8 Decatur Blvd/Meadows Lane 1 0 0 0 1
9 Decatur Blvd/Washingon Ave 0 0 0 0 0
10 Desert Inn Rd/Boulder Highway 0 0 0 0 0
11 Eastern Ave/Bonanza Rd 1 0 0 0 1
12 Eastern Av/Charleston Blvd 2 0 2 0 0
13 Flamingo Rd/Boulder Hwy 2 0 2 0 0
14 Flamingo Rd/Koval Lane 1 0 1 0 0
15 Flamingo Rd/Nellis Blvd 1 0 1 0 0
16 Flamingo Rd / Paradise Rd 3 0 2 1 0
17 Harmon Ave/Paradise Rd 0 0 0 0 0
18 LM Blvd: McCarran St to Belmont St 4 0 3 1 0
19 LV Blvd/Riviera Blvd 3 1 1 1 0
20 Maryland Pkwy/Desert Inn Rd 4 0 2 0 2
21 Maryland Pkwy/Flamingo Rd 5 0 5 0 0
22 Maryland Pkwy/Karen Ave 2 0 2 0 0
23 Maryland Pkwy/Sahara Ave 4 0 2 1 1
24 Maryland Pkwy/Sierra Vista Dr 3 0 3 0 0
25 Maryland Pkwy/Tropicana Ave 4 1 2 1 0
26 Maryland Pkwy/Twain Rd 3 0 2 0 1
27 Sahara Ave/Decatur Blvd 0 0 0 0 0
28 Sahara Ave/Valley View Rd 3 0 2 1 0
29 Tropicana Ave/Spencer St 0 0 0 0 0
30 LV Blvd/Fremont St 2 1 0 1 0
31 Maryland Pkwy/Dumont St 0 0 0 0 0
32 LM Blvd/Mc Daniel St 3 0 3 0 0
33 LM Blvd/Pecos Rd 4 2 1 0 1
34 LV Blvd/Lake Mead Dr 3 0 3 0 0
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TABLE 24 Pedestrian Crashes Based on Pedestrian Age for the year 2001
Site# Location
Total # of 
Crashes
Pedestrian Age Grou
<18 18-54 >54 Unknown
1 Bonanza Rd/D St 1 0 1 0 0
2 Bonanza Rd/F St 0 0 0 0 0
3 Bonanza Rd/Las Vegas Blvd 2 0 0 1 1
4 Charleston Blvd/Lamb Blvd 0 0 0 0 0
5 Charleston Blvd/LV Blvd 1 0 1 0 0
6 Charleston Blvd/Nellis Blvd 2 0 1 1 0
7 Charleston Blvd; Lucerne St to Lamont St 1 0 1 0 0
8 Decatur Blvd/Meadows Lane 1 1 0 0 0
9 Decatur Blvd/Washingon Ave 1 0 0 1 0
10 Desert Inn Rd/Boulder Highway 1 0 1 0 0
11 Eastern Ave/Bonanza Rd 0 0 0 0 0
12 Eastern Av/Charleston Blvd 0 0 0 0 0
13 Elamingo Rd/Boulder Hwy 2 0 1 1 0
14 Flamingo Rd/Koval Lane 2 0 1 0 1
15 Flamingo Rd/Nellis Blvd 3 1 2 0 0
16 Flamingo Rd / Paradise Rd 1 0 1 0 0
17 Harmon Ave/Paradise Rd 2 0 2 0 0
18 LM Blvd: McCarran St to Belmont St 2 1 0 1 0
19 LV Blvd/Riviera Blvd 2 0 0 2 0
20 Maryland Pkwy/Desert Inn Rd 3 0 I 2 0
21 Maryland Pkwy/Flamingo Rd 2 0 2 0 0
22 Maryland Pkwy/Karen Ave 0 0 0 0 0
23 Maryland Pkwy/Sahara Ave 1 0 1 0 0
24 Maryland Pkwy/Sierra Vista Dr 1 1 0 0 0
25 Maryland Pkwy/Tropicana Ave 0 0 0 0 0
26 Maryland Pkwy/Twain Rd 4 1 1 2 0
27 Sahara Ave/Decatur Blvd 1 0 0 0 1
28 Sahara Ave/Valley View Rd 0 0 0 0 0
29 Tropicana Ave/Spencer St 1 0 0 1 0
30 LV Blvd/Fremont St 2 0 1 1 0
31 Maryland Pkwy/Dumont St 2 2 0 0 0
32 LM Blvd/Mc Daniel St 0 0 0 0 0
33 LM Blvd/Pecos Rd 3 0 2 1 0
34 LV Blvd/Lake Mead Dr 1 I 0 0 0
Once the crashes are determined for each year based upon the age of pedestrian, 
pedestrian crash rate is determined as follows:
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Crash Rates are determined for different age groups, viz. less than 18 years, 18 to 54 
years, and greater than 54 years. For the age group less than 18, the crash rate can be 
calculated using the number of crashes and population for that specific age group, i.e.: 
Crash Rate for year i for age group j (per 1,000 population)
, X. # of Crashes for age group j in year i
— iUUU X  . . .  .  \  o )
Population in age group j in year i
Similarly the crash rates are calculated for different age groups for each of the years. 
Tables 25, 26, 27, 28, 29, and 30 show the crash rates for the years 1996, 1997, 1998, 
1999, 2000, and 2001 respectively.
These crash rates can be used to rank the high pedestrian crash sites. The sites are 
being ranked; the higher the rates, the higher ranked the site is. Tables 25 to 30 show 
crash rates based on age groups on an annual basis. In order to determine the crash rates 
for the selected 34 sites, based on all the crashes, the crashes are added to get the total 
number of crashes belonging to each age groups for the years 1996 to 2001. The total 
population is also determined for these sites by adding the population for the years 1996 
to 2001. Using these values, crash rates are determined for each of the selected 34 sites. 
These crash rates are shown in the Table 31.
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TABLE 25 Crash Rates Based on Age Groups, 1996
Site# Location
Crash Rate
Overall <18 18-54 >54
1 Bonanza Rd/D St 2.53 0.00 0.00 0.00
2 Bonanza Rd/F St 2.51 0.00 0.00 0.00
3 Bonanza Rd/Las Vegas Blvd 1.65 0.00 0.00 0.00
4 Charleston Blvd/Lamb Blvd 1.24 0.00 2.89 0.00
5 Charleston Blvd/LV Blvd 7.13 0.00 12.21 0.00
6 Charleston Blvd/Nellis Blvd 0.89 1.35 1.04 0.00
7 Charleston Blvd: Lucerne St to Lamont St 0.48 1.84 0.00 0.00
8 Decatur Blvd/Meadows Lane 2.43 0.00 4.04 2.79
9 Decatur Blvd/Washingon Ave 1.53 4.44 0.00 0.00
10 Desert Inn Rd/Boulder Highway 2.06 0.00 4.54 0.00
11 Eastern Ave/Bonanza Rd 0.92 1.53 0.00 0.00
12 Eastern Av/Charleston Blvd 0.81 1.47 0.92 0.00
13 Flamingo Rd/Boulder Hwy 0.00 0.00 0.00 0.00
14 Flamingo Rd/Koval Lane 1.71 0.00 2.41 2.05
15 Flamingo Rd/Nellis Blvd 1.57 2.80 1.79 0.00
16 Flamingo Rd / Paradise Rd 1.90 2.16 2.95 0.00
17 Harmon Ave/Paradise Rd 1.58 0.00 1.63 2.66
18 LM Blvd: McCarran St to Belmont St 0.26 0.00 0.00 0.00
19 LV Blvd/Riviera Blvd 39.70 0.00 36.01 81.76
20 Maryland Pkwy/Desert Inn Rd 0.53 0.00 0.00 0.00
21 Maryland Pkwy/Flamingo Rd 1.27 0.00 2.57 0.00
22 Maryland Pkwy/Karen Ave 1.53 3.06 1.62 0.00
23 Maryland Pkwy/Sahara Ave 1.61 0.00 1.77 0.00
24 Maryland Pkwy/Sierra Vista Dr 1.24 1.65 1.75 0.00
25 Maryland Pkwy/Tropicana Ave 1.32 4.65 0.89 0.00
26 Maryland Pkwy/Twain Rd 0.00 0.00 0.00 0.00
27 Sahara Ave/Decatur Blvd 0.00 0.00 0.00 0.00
28 Sahara Ave/Valley View Rd 0.00 0.00 0.00 0.00
29 Tropicana Ave/Spencer St 0.46 0.00 0.92 0.00
30 LV Blvd/Fremont St 5.54 0.00 838 7.13
31 Maryland Pkwy/Dumont St 1.22 4.91 0.00 0.00
32 LM Blvd/Mc Daniel St 2.93 0.00 332 10.06
33 LM Blvd/Pecos Rd 0.00 0.00 0.00 0.00
34 LV Blvd/Lake Mead Dr 3.16 1.37 6.40 0.00
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TABLE 26 Crash Rates Based on Age Groups, 1997
Site# Location
Crash Rate
Overall <18 18-54 >54
1 Bonanza Rd/D St 0.00 0.00 0.00 0.00
2 Bonanza Rd/F St 2.42 0.00 5.16 0.00
3 Bonanza Rd/Las Vegas Blvd 2.42 0.00 3.76 7.29
4 Charleston Blvd/Lamb Blvd 2.41 5.39 0.00 0.00
5 Charleston Blvd/LV Blvd 0.89 0.00 2.02 0.00
6 Charleston Blvd/Nellis Blvd 2.18 0.00 4.93 0.00
7 Charleston Blvd: Lucerne St to Lamont St 1.38 3.49 0.00 7.40
8 Decatur Blvd/Meadows Lane 0.00 0.00 0.00 0.00
9 Decatur Blvd/Washingon Ave 1.50 4.63 0.00 0.00
10 Desert Inn Rd/Boulder Highway 3.02 0.00 4.36 6.88
11 Eastern Ave/Bonanza Rd 0.88 1.41 1.02 0.00
12 Eastern Av/Charleston Blvd 2.06 1.44 1.87 3.84
13 Flamingo Rd/Boulder Hwy 1.46 2.81 1.61 0.00
14 Flamingo Rd/Koval Lane 2.56 2.47 3.25 3.43
15 Flamingo Rd/Nellis Blvd 0.82 2.71 0.00 0.00
16 Flamingo Rd / Paradise Rd 1.37 0.00 2.68 0.00
17 Harmon Ave/Paradise Rd 2.21 0.00 0.00 633
18 LM Blvd: McCarran St to Belmont St 0.26 0.00 0.00 0.00
19 LV Blvd/Riviera Blvd 16.64 0.00 12.15 76.94
20 Maryland Pkwy/Desert Inn Rd 1.59 2.66 233 0.00
21 Maryland Pkwy/Flamingo Rd 2.60 3.76 0.77 5.11
22 Maryland Pkwy/Karen Ave 0.00 0.00 0.00 0.00
23 Maryland Pkwy/Sahara Ave 2.41 3.49 3.54 0.00
24 Maryland Pkwy/Sierra Vista Dr 1.23 0.00 2.70 0.00
25 Maryland Pkwy/Tropicana Ave 2.22 3.86 2.37 0.00
26 Maryland Pkwy/Twain Rd 1.52 0.00 1.48 6.46
27 Sahara Ave/Decatur Blvd 0.52 0.00 1.13 0.00
28 Sahara Ave/Valley View Rd 1.20 0.00 2.62 0.00
29 Tropicana Ave/Spencer St 0.00 0.00 0.00 0.00
30 LV Blvd/Fremont St 11.40 6.11 4.43 51.51
31 Maryland Pkwy/Dumont St 0.83 2.06 0.00 2.89
32 LM Blvd/Mc Daniel St 1.40 0.00 3.49 0.00
33 LM Blvd/Pecos Rd 1.39 1.95 1.11 0.00
34 LV Blvd/Lake Mead Dr 1.26 0.00 0.00 0.00
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TABLE 27 Crash Rates Based on Age Groups, 1998
Site# Location
Crash Rate
Overall <18 18-54 >54
1 Bonanza Rd/D St 2.07 0.00 0.00 7.88
2 Bonanza Rd/F St 2.33 0.00 4.99 0.00
3 Bonanza Rd/Las Vegas Blvd 1.58 0.00 3.69 0.00
4 Charleston Blvd/Lamb Blvd 2.34 0.00 5.31 0.00
5 Charleston Blvd/LV Blvd 0.89 0.00 2.02 0.00
6 Charleston Blvd/Nellis Blvd 2.13 1.27 336 0.00
7 Charleston Blvd: Lucerne St to Lamont St 0.89 1.69 1.40 0.00
8 Decatur Blvd/Meadows Lane 0.87 2.99 0.00 0.00
9 Decatur Blvd/Washingon Ave 0.00 0.00 0.00 0.00
10 Desert Inn Rd/Boulder Highway 2.96 0.00 4.27 3.20
11 Eastern Ave/Bonanza Rd 0.42 1.36 0.00 0.00
12 Eastern Av/Charleston Blvd 0.42 0.00 0.95 0.00
13 Flamingo Rd/Boulder Hwy 0.75 0.00 1.65 0.00
14 Flamingo Rd/Koval Lane 1.38 0.00 3.02 0.00
15 Flamingo Rd/Nellis Blvd 0.00 0.00 0.00 0.00
16 Flamingo Rd / Paradise Rd 1.31 0.00 2.58 0.00
17 Harmon Ave/Paradise Rd 0.69 0.00 1.35 0.00
18 LM Blvd: McCarran St to Belmont St 0.79 1.13 0.00 2.00
19 LV Blvd/Riviera Blvd 10.85 27.13 0.00 15.78
20 Maryland Pkwy/Desert Inn Rd 1.59 2.66 2.33 0.00
21 Maryland Pkwy/Flamingo Rd 2.21 1.92 2.36 2.13
22 Maryland Pkwy/Karen Ave 1.54 0.00 1.69 2.24
23 Maryland Pkwy/Sahara Ave 2.40 0.00 1.77 2.54
24 Maryland Pkwy/Sierra Vista Dr 0.82 0.00 1.79 0.00
25 Maryland Pkwy/Tropicana Ave 1.34 1.94 0.79 0.00
26 Maryland Pkwy/Twain Rd L23 0.00 1.61 0.00
27 Sahara Ave/Decatur Blvd 1.04 0.00 2.28 0.00
28 Sahara Ave/Valley View Rd 1.71 0.00 2.50 0.00
29 Tropicana Ave/Spencer St 0.48 0.00 0.85 0.00
30 LV Blvd/Fremont St 0.00 0.00 0.00 0.00
31 Maryland Pkwy/Dumont St 0.42 0.00 0.00 0.00
32 LM Blvd/Mc Daniel St 2.66 5.66 0.00 0.00
33 LM Blvd/Pecos Rd 1.71 2.75 1.04 0.00
34 LV Blvd/Lake Mead Dr 0.00 0.00 0.00 0.00
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TABLE 28 Crash Rates Based on Age Groups, 1999
Site# Location
Crash Rate
Overall <18 18-54 >54
1 Bonanza Rd/D St 1.87 0.00 0.00 6.18
2 Bonanza Rd/F St 6.74 0.00 0.00 14.93
3 Bonanza Rd/Las Vegas Blvd 0.00 0.00 0.00 0.00
4 Charleston Blvd/Lamb Blvd 1.14 1.89 1.36 0.00
5 Charleston Blvd/LV Blvd 0.89 0.00 0.00 2.46
6 Charleston Blvd/Nellis Blvd 1.66 2.77 2.00 0.00
7 Charleston Blvd: Lucerne St to Lamont St 0.43 0.00 1.06 0.00
8 Decatur Blvd/Meadows Lane 0.90 0.00 0.00 2.91
9 Decatur Blvd/Washingon Ave 1.45 2.31 1.74 0.00
10 Desert Inn Rd/Boulder Highway 4.83 4.39 638 0.00
11 Eastern Ave/Bonanza Rd 0.81 0.00 1.98 0.00
12 Eastern Av/Charleston Blvd 0.43 0.00 1.03 0.00
13 Flamingo Rd/Boulder Hwy 0.76 0.00 0.00 2.20
14 Flamingo Rd/Koval Lane 1.65 0.00 1.73 0.00
15 Flamingo Rd/Nellis Blvd 1.77 0.00 2.06 2.67
16 Flamingo Rd / Paradise Rd 0.42 0.00 0.84 0.00
17 Harmon Ave/Paradise Rd 1.28 0.00 2.55 0.00
18 LM Blvd: McCarran St to Belmont St 1.07 0.72 1.75 0.00
19 LV Blvd/Riviera Blvd 26.54 35.39 33.46 14.19
20 Maryland Pkwy/Desert Inn Rd 2.66 3.55 3.35 0.00
21 Maryland Pkwy/Flamingo Rd 2.26 1.74 2.58 2.11
22 Maryland Pkwy/Karen Ave 232 5.14 1.62 2.06
23 Maryland Pkwy/Sahara Ave 0.80 0.00 1.79 0.00
24 Maryland Pkwy/Sierra Vista Dr 2.03 2.70 3.41 0.00
25 Maryland Pkwy/Tropicana Ave 2.24 1.72 1.71 2.09
26 Maryland Pkwy/Twain Rd 0.88 0.00 1.76 0.00
27 Sahara Ave/Decatur Blvd 2.61 3.54 3.69 0.00
28 Sahara Ave/Valley View Rd 0.54 2.07 0.00 0.00
29 Tropicana Ave/Spencer St 1.48 1.90 0.94 0.00
30 LV Blvd/Fremont St 8.04 0.00 14.69 14.69
31 Maryland Pkwy/Dumont St 0.43 0.00 0.90 0.00
32 LM Blvd/Mc Daniel St 2.54 3.43 0.00 0.00
33 LM Blvd/Pecos Rd 0.39 0.00 0.89 0.00
34 LV Blvd/Lake Mead Dr 1.89 1.70 1.37 8.33
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TABLE 29 Crash Rates Based on Age Groups, 2000
Site# Location
Crash Rate
Overall <18 18-54 >54
1 Bonanza Rd/D St 0.00 0.00 0.00 0.00
2 Bonanza Rd/F St 2.17 0.00 0.00 0.00
3 Bonanza Rd/Las Vegas Blvd 0.00 0.00 0.00 0.00
4 Charleston Blvd/Lamb Blvd 0.00 0.00 0.00 0.00
5 Charleston Blvd/LV Blvd 1.77 0.00 2.12 2.43
6 Charleston Blvd/Nellis Blvd 1.22 1.27 1.02 1.45
7 Charleston Blvd: Lucerne St to Lamont St 0.83 0.00 2.08 0.00
8 Decatur Blvd/Meadows Lane 0.93 0.00 0.00 0.00
9 Decatur Blvd/Washingon Ave 0.00 0.00 0.00 0.00
10 Desert Inn Rd/Boulder Highway 0.00 0.00 0.00 0.00
11 Eastern Ave/Bonanza Rd 0.39 0.00 0.00 0.00
12 Eastern Av/Charleston Blvd 0.87 0.00 2.10 0.00
13 Flamingo Rd/Boulder Hwy 1.56 0.00 4.05 0.00
14 Flamingo Rd/Koval Lane 0.37 0.00 0.86 0.00
15 Flamingo Rd/Nellis Blvd 0.92 0.00 2.37 0.00
16 Flamingo Rd / Paradise Rd 1.21 0.00 1.73 1.36
17 Harmon Ave/Paradise Rd 0.00 0.00 0.00 0.00
18 LM Blvd: McCarran St to Belmont St 1.08 0.00 1.93 1.43
19 LV Blvd/Riviera Blvd 15.58 25.96 12.02 14.11
20 Maryland Pkwy/Desert Inn Rd 2.13 0.00 2.46 0.00
21 Maryland Pkwy/Flamingo Rd 2.31 0.00 4.65 0.00
22 Maryland Pkwy/Karen Ave 1.55 0.00 338 0.00
23 Maryland Pkwy/Sahara Ave 3.20 0.00 3.82 2.15
24 Maryland Pkwy/Sierra Vista Dr 1.21 0.00 2.80 0.00
25 Maryland Pkwy/Tropicana Ave 1.80 1.61 1.81 2.02
26 Maryland Pkwy/Twain Rd 1.42 0.00 2.04 0.00
27 Sahara Ave/Decatur Blvd 0.00 0.00 0.00 0.00
28 Sahara Ave/Valley View Rd 1.53 0.00 239 5.12
29 Tropicana Ave/Spencer St 0.00 0.00 0.00 0.00
30 LV Blvd/Fremont St 4.13 9.39 0.00 13.94
31 Maryland Pkwy/Dumont St 0.00 0.00 0.00 0.00
32 LM Blvd/Mc Daniel St 3.62 0.00 8.61 0.00
33 LM Blvd/Pecos Rd 1.44 1.67 0.87 0.00
34 LV Blvd/Lake Mead Dr 1.89 0.00 4.49 0.00
94
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE 30 Crash Rates Based on Age Groups, 2001
Site# Location
Crash Rate
Overall <18 18-54 >54
1 Bonanza Rd/D St 1.53 0.00 3.64 0.00
2 Bonanza Rd/F St 0.00 0.00 0.00 0.00
3 Bonanza Rd/Las Vegas Blvd 1.48 0.00 0.00 2.67
4 Charleston Blvd/Lamb Blvd 0.00 0.00 0.00 0.00
5 Charleston Blvd/LV Blvd 0.88 0.00 2.04 0.00
6 Charleston Blvd/Nellis Blvd 0.79 0.00 0.99 1.71
7 Charleston Blvd: Lucerne St to Lamont St 0.40 0.00 0.98 0.00
8 Decatur Blvd/Meadows Lane 0.97 3.58 0.00 0.00
9 Decatur Blvd/Washingon Ave 0.70 0.00 0.00 238
10 Desert Inn Rd/Boulder Highway 0.92 0.00 1.71 0.00
11 Eastern Ave/Bonanza Rd 0.00 0.00 0.00 0.00
12 Eastern Av/Charleston Blvd 0.00 0.00 0.00 0.00
13 Flamingo Rd/Boulder Hwy 1.59 0.00 1.56 2.19
14 Flamingo Rd/Koval Lane 0.67 0.00 0.68 0.00
15 Flamingo Rd/Nellis Blvd 236 335 4.05 0.00
16 Flamingo Rd / Paradise Rd 0.39 0.00 0.79 0.00
17 Harmon Ave/Paradise Rd 1.11 0.00 2.28 0.00
18 LM Blvd: McCarran St to Belmont St 0.55 0.67 0.00 1.45
19 LV Blvd/Riviera Blvd 10.16 0.00 0.00 35.20
20 Maryland Pkwy/Desert Inn Rd 1.60 0.00 1.08 3.69
21 Maryland Pkwy/Flamingo Rd 0.94 0.00 1.96 0.00
22 Maryland Pkwy/Karen Ave 0.00 0.00 0.00 0.00
23 Maryland Pkwy/Sahara Ave 0.80 0.00 1.76 0.00
24 Maryland Pkwy/Sierra Vista Dr 0.40 1.82 0.00 0.00
25 Maryland Pkwy/Tropicana Ave 0.00 0.00 0.00 0.00
26 Maryland Pkwy/Twain Rd 2.03 1.93 1.04 4.07
27 Sahara Ave/Decatur Blvd 0.53 0.00 0.00 0.00
28 Sahara Ave/Valley View Rd 0.00 0.00 0.00 0.00
29 Tropicana Ave/Spencer St 0.52 0.00 0.00 5.38
30 LV Blvd/Fremont St 4.25 0.00 4.70 17.12
31 Maryland Pkwy/Dumont St 0.88 3.97 0.00 0.00
32 LM Blvd/Mc Daniel St 0.00 0.00 0.00 0.00
33 LM Blvd/Pecos Rd 0.99 0.00 1.55 4.60
34 LV Blvd/Lake Mead Dr 0.63 1.53 0.00 0.00
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TABLE 31 Crash Rates Based on Age Groups, 1996 to 2001
Site# Location
Crash Rate
Overall <18 18-54 >54
1 Bonanza Rd/D St 1.29 0.00 0.73 2.49
2 Bonanza Rd/F St 2.67 0.00 1.71 2.99
3 Bonanza Rd/Las Vegas Blvd 1.17 0.00 1.21 0.96
4 Charleston Blvd/Lamb Blvd 1.15 1.16 1.59 0.00
5 Charleston Blvd/LV Blvd 2.07 0.00 3.43 1.06
6 Charleston Blvd/Nellis Blvd 1.47 1.06 233 0.62
7 Charleston Blvd: Lucerne St to Lamont St 0.73 0.88 1.00 0.43
8 Decatur Blvd/Meadows Lane 1.03 1.02 0.72 1.08
9 Decatur Blvd/Washingon Ave 0.85 1.92 0.29 0.51
10 Desert Inn Rd/Boulder Highway 2.28 0.70 3.58 1.03
11 Eastern Ave/Bonanza Rd 0.55 0.76 0.48 0.00
12 Eastern Av/Charleston Blvd 0.78 0.54 1.15 0.25
13 Flamingo Rd/Boulder Hwy 1.00 0.50 1.41 0.84
14 Flamingo Rd/Koval Lane 1.28 0.35 1.84 0.47
15 Flamingo Rd/Nellis Blvd 1.30 1.56 1.65 0.52
16 Flamingo Rd / Paradise Rd 1.07 0.31 1.88 0.28
17 Harmon Ave/Paradise Rd 1.10 0.00 1.33 0.85
18 LM Blvd: McCarran St to Belmont St 0.67 0.41 0.65 0.90
19 LV Blvd/Riviera Blvd 19.67 13.21 15.41 32.69
20 Maryland Pkwy/Desert Inn Rd 1.68 1.31 1.91 0.59
21 Maryland Pkwy/Flamingo Rd 1.94 1.20 2.43 1.07
22 Maryland Pkwy/Karen Ave 1.16 1.26 1.38 0.86
23 Maryland Pkwy/Sahara Ave 1.87 0.59 2.39 0.91
24 Maryland Pkwy/Sierra Vista Dr 1.15 1.00 2.05 0.00
25 Maryland Pkwy/Tropicana Ave 1.49 2.09 1.29 0.71
26 Maryland Pkwy/Twain Rd 1.12 0.31 1.28 1.10
27 Sahara Ave/Decatur Blvd 0.78 0.60 1.29 0.00
28 Sahara Ave/Valley View Rd 0.83 0.30 1.27 0.65
29 Tropicana Ave/Spencer St 0.49 0.33 0.47 0.54
30 LV Blvd/Fremont St 5.61 239 5.35 13.19
31 Maryland Pkwy/Dumont St 0.64 2.07 0.15 0.36
32 LM Blvd/Mc Daniel St 2.16 1.52 2.61 2.24
33 LM Blvd/Pecos Rd 1.01 1.06 0.97 0.77
34 LV Blvd/Lake Mead Dr 1.47 0.74 2.04 1.08
Summary of Analysis 
Identified High Pedestrian Crash risk Locations
a) based on # of crashes
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b) based on crash rates 
These different methods were used for crash data for each year from 1996 to 2001. In 
order to determine crash rate, population and its age distribution were determined using 
GIS program (or software). Different data sets were used to determine population 
estimates and its age distribution.
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CHAPTER 6
RANKING OF HIGH “RISK” PEDESTRIAN LOCATIONS 
Ranking high pedestrian crash locations is crucial for transportation safety 
engineers. The higher ranked sites should be the sites which need attention first. These 
rankings help the decision makers prioritize the sites based on crash characteristics or/and 
demographic characteristics. This ranking process will help allocate safety funds to 
maximize benefits, in terms of enhanced pedestrian safety. There are several ways to 
rank crash locations. Hallmark (2002) summarized the methods that 18 state departments 
of transportation used to rank high motor crash sites. Most of them use Crash 
Frequency, Crash Rate, Severity, Value Loss, Value Indices, or Bayesian Analysis to 
rank crash sites. The rest of this chapter addresses various strategies and methods that 
could be used to rank crash locations.
Crash Frequency Method 
Crash frequency method ranks the sites based on number of crashes at each 
location. In this method, the sites with more crashes get the higher rank. This ranking 
method ensures that the sites with higher number of pedestrian crashes get priority over 
the ones with lower number of pedestrian crashes. Implementing countermeasures at 
these sites would help in reducing the number of pedestrian crashes. Here the crash index 
is defined as follows:
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Crash Index l = Total number of Pedestrian Crashes...................................................... (4)
The ranking of high pedestrian crash locations based on Crash Index 1 are shown 
in Table 32. But, the problem with this ranking method is that neither vehicular traffic 
nor pedestrian activities in the surrounding area are accounted for.
TABLE 32 Ranking Based of Crash Frequency
Rank Site# Location
#
Crashes
Pedestrian Age Group
<18 18-54 >54 Unknown
1 26 Maryland Pkwy/Flamingo Rd 26 4 17 3 2
2 23 Las Vegas Blvd/Riviera Blvd 22 3 8 11 0
3 6 Charleston Blvd/Nellis Blvd 21 5 14 2 0
4 30 Maryland Pkwy/Tropicana Ave 20 7 9 2 2
5 24 Maryland Pkwy/Desert Inn Rd 19 3 10 2 4
6 15 Flamingo Rd/Koval Lane 18 1 12 2 3
7 29 Maryland Pkwy/Sierra Vista Dr 17 3 14 0 0
8 21 Las Vegas Blvd/Fremont St 17 2 7 7 1
9 31 Maryland Pkwy/Twain Rd 16 1 9 4 2
10 13 Flamingo Rd / Paradise Rd 15 1 13 1 0
11 20 Lake Mead Blvd: McCarran St to Belmont St 15 4 6 3 2
12 19 Lake Mead Blvd/Pecos Rd 15 7 6 1 1
13 5 Charleston Blvd/Las Vegas Blvd 14 0 10 2 2
14 10 Desert Inn Rd/Boulder Highway 14 1 10 2 1
15 28 Maryland Pkwy/Sahara Ave 14 1 8 2 3
16 22 Las Vegas Blvd/Lake Mead Dr 14 3 8 1 2
17 4 Charleston Blvd/Lamb Blvd 12 4 7 0 1
18 11 Eastern Av/Charleston Blvd 11 2 7 1 1
19 7 Charleston Blvd: Lucerne St to Lamont St 10 4 5 1 0
20 17 Harmon Ave/Paradise Rd 10 0 6 2 2
21 18 Lake Mead Blvd/McDaniel St 10 3 5 1 1
22 3 Bonanza Rd/Las Vegas Blvd 9 0 4 2 3
23 16 Flamingo Rd/Nellis Blvd 9 3 5 1 0
24 27 Maryland Pkwy/Karen Ave 9 2 5 2 0
25 32 Sahara Ave/Decatur Blvd 9 2 6 0 1
26 33 Sahara Ave/Valley View Rd 9 1 6 1 1
27 25 Maryland Pkwy/Dumont St 9 6 1 1 1
28 12 Eastern Ave/Bonanza Rd 8 3 3 0 2
29 14 Flamingo Rd/Boulder Hwy 8 1 5 2 0
30 2 Bonanza Rd/F St 7 0 2 2 3
31 8 Decatur Blvd/Meadows Lane 7 2 2 2 1
32 9 Decatur Blvd/Washingon Ave 7 5 1 1 0
33 34 Tropicana Ave/Spencer St 6 1 3 1 1
34 1 Bonanza Rd/D St 4 0 1 2 1
99
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Crash Index Based on Vehicular Traffic 
One efficient way to quantify the safety of a high pedestrian “risk” location would be to 
relate the number of crashes to the vehicular traffic at the location. NDOT publishes an 
Annual Traffic Report which provides Average Daily Traffic (ADT) volume for most of 
major streets in the Las Vegas metropolitan area (NDOT Annual Traffic Report, 2002). 
These data were used to determine the ADT at all the selected locations. One of the 
issues was that the NDOT Annual Traffic Report provided ADT data only for major 
streets, but for this study, the selected locations include some intersections at which one 
of the streets was not a major street. This deficiency was overcome by assuming 
reasonable values for the ADTs for those streets. Another issue was that even for a major 
street, the traffic count stations were located slightly away from some of the selected high 
“risk” pedestrian locations. But since the purpose of this study is to determine 
methodology to rank high pedestrian “risk” locations, these were not critical issues. For 
an intersection location, vehicular traffic volume is calculated by adding the traffic 
volumes for both the intersecting streets, and for a mid-block location the traffic volume 
of the street considered is taken to calculate crash index. Crash index based on vehicular 
traffic can be defined as number of pedestrian crashes per 100,000 vehicles. It can be 
expressed as:
Crash Index 2 = 10,000 x (# Pedestrian Crashes / ADT).................................................... (5)
The crash indices and rankings based on vehicular traffic (ADT) are shown in 
Table 33. One drawback of this method is that in spite of covering more area of 
pedestrian activity, the traffic volume of only one street is considered for calculating 
crash rate at a mid-block location. Hence this ranking method gives a greater priority to
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mid-block locations since the traffic volume for only one single street is considered, 
compared to an intersection where the traffic volume of both the intersecting streets are 
added to get the traffic volume. This issue could overcome by treating intersections 
separate from mid-block locations.
TABLE 33 Rankings and Crash Rates based on Traffic Volume
Rank Site# Location # Crashes
ADT*
Crash Index 2Street 1 Street 2
1 20 Lake Mead Blvd; McCarran St to Belmont St 15 31,000 NA 48.39
2 21 Las Vegas Blvd/Fremont St 17 31,000 12,400 39.17
3 22 Las Vegas Blvd/Lake Mead Dr 14 4,300 39,000 32.33
4 23 Las Vegas Blvd/Riviera Blvd 22 63,000 12,000 29.33
5 2 Bonanza Rd/F St 7 22,900 1,500 28.69
6 26 Maryland Pkwy/Flamingo Rd 26 36,000 55,000 28.57
7 17 Harmon Ave/Paradise Rd 10 3,000 35,000 26.32
8 19 Lake Mead Blvd/Pecos Rd 15 37,000 21,400 25.68
9 18 Lake Mead Blvd/McDaniel St 10 37,000 2,200 25.51
10 31 Maryland Pkwy/Twain Rd 16 43,000 20,000 25.40
11 30 Maryland Pkwy/Tropicana Ave 20 18,000 61,000 25.32
12 24 Maryland Pkwy/Desert Inn Rd 19 42,000 38,000 23.75
13 29 Maryland Pkwy/Sierra Vista Dr 17 42,000 30,000 23.61
14 6 Charleston Blvd/Nellis Blvd 21 45,000 49,400 22.25
15 7 Charleston Blvd: Lucerne St to Lamont St 10 45,000 NA 22.22
16 14 Flamingo Rd/Koval Lane 18 55,500 31,000 20.81
17 25 Maryland Pkwy/Dumont St 9 43,000 1,000 20.45
18 5 Charleston Blvd/Las Vegas Blvd 14 37,000 32,000 20.29
19 3 Bonanza Rd/Las Vegas Blvd 9 18,000 28,000 19.57
20 15 Flamingo Rd/Nellis Blvd 9 28,000 18,200 19.48
21 10 Desert Inn Rd/Boulder Highway 14 34,000 41,000 18.67
22 1 Bonanza Rd/D St 4 22,900 800 16.88
23 12 Eastern A ve/Charleston Blvd 11 34,000 32,000 16.67
24 27 Maryland Pkwy/Karen Ave 9 43,000 13,000 16.07
25 13 Flamingo Rd/Boulder Hwy 8 28,000 26,000 14.81
26 28 Maryland Pkwy/Sahara Ave 14 43,000 52,700 14.63
27 4 Charleston Blvd/Lamb Blvd 12 45,000 39,000 14.29
28 16 Flamingo Rd/Paradise Rd 15 70,000 43,000 13.27
29 8 Decatur Blvd/Meadows Lane 7 53,000 6,000 11.86
30 33 Sahara Ave/Valley View Rd 9 50,500 30,000 11.18
31 11 Eastern Ave/Bonanza Rd 8 53,000 20,600 10.87
32 9 Decatur Blvd/Washingon Ave 7 53,000 14,000 10.45
33 32 Sahara Ave/Decatur Blvd 9 50,500 46,000 9.33
34 34 Tropicana Ave/Spencer St 6 61,000 6,900 8.84
Source: NDOT Annual Traffic Report 2001
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Crash Index based on Population 
After having related pedestrian crashes with vehicular traffic, the next step is to 
determine how pedestrian activity or presence influences the Crash Index and hence rank 
of a location. But as mentioned earlier, pedestrian activity is difficult to estimate without 
conducting extensive field observations. Since field observation is labor intensive, 
expensive, and time consuming population was used as a proxy indicator for pedestrian 
activity. GIS based tools were used to determine the population estimates within 0.25 
miles of radius of each location. Using these estimates. Crash Indices were determined 
by dividing the total number of crashes which occurred at a site with the population 
estimate for the area around the same site. Crash index based on population can be 
defined as number of pedestrian crashes per 1 0 0 ,0 0 0  populations. It can be expressed as:
Crash Index 3 = 10,000 x (# Pedestrian Crashes / Population)...........................................(6 )
The higher the crash index is for a site, the higher is the pedestrian risk for the site. Since 
this method takes into consideration the exposure of the pedestrians to the crashes, it 
gives a better estimate of the pedestrian risk. However, locations that have small or no 
resident population proximate to the site (but other pedestrian attractors such as 
commercial or recreational land use) will have pedestrian activity under estimated. 
Hence, such sites would have high ranks. The rankings for different sites are shown in 
Table 34.
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TABLE 34 Rankings and Crash Indices based on Population Estimates
Rank Site# Location
Total # of 
Crashes Population Crash Index 3
1 30 Maryland Pkwy/Tropicana Ave 20 3,092 64.69
2 23 LV Blvd/Riviera Blvd 22 2,627 83.76
3 2 Bonanza Rd/F St 7 7,690 9.10
4 5 Charleston Blvd/LV Blvd 14 10,420 13.44
5 13 Flamingo Rd / Paradise Rd 15 6,772 22.15
6 21 LV Blvd/Fremont St 17 14,264 11.92
7 6 Charleston Blvd/Nellis Blvd 21 13,765 15.26
8 22 LV Blvd/Lake Mead Dr 14 6,803 20.58
9 26 Maryland Pkwy/Flamingo Rd 26 8,190 31.75
10 15 Ramingo Rd/Koval Lane 18 6,153 29.25
11 28 Maryland Pkwy/Sahara Ave 14 14,081 9.94
12 4 Charleston Blvd/Lamb Blvd 12 14,578 8.23
13 10 Desert Inn Rd/Boulder Highway 14 9,294 15.06
14 8 Decatur Blvd/Meadows Lane 7 12,263 5.71
15 19 LM Blvd/Pecos Rd 15 8,902 16.85
16 17 Harmon Ave/Paradise Rd 10 12,494 8.00
17 11 Eastern Av/Charleston Blvd 11 9,132 12.05
18 29 Maryland Pkwy/Sierra Vista Dr 17 19,760 8.60
19 9 Decatur Blvd/Washingon Ave 7 3,960 17.68
20 12 Eastern Ave/Bonanza Rd 8 13,065 6.12
21 18 LM Blvd/McDaniel St 10 11,769 8.50
22 3 Bonanza Rd/Las Vegas Blvd 9 8,087 11.13
23 31 Maryland Pkwy/Twain Rd 16 6,435 24.87
24 7 Charleston Blvd: Lucerne St to Lamont St 10 14,136 7.07
25 16 Flamingo Rd/Nellis Blvd 9 13,479 6.68
26 1 Bonanza Rd/D St 4 14,418 2.77
27 33 Sahara Ave/Valley View Rd 9 10,932 8.23
28 27 Maryland Pkwy/Karen Ave 9 10,070 8.94
29 24 Maryland Pkwy/Desert Inn Rd 19 12,910 14.72
30 25 Maryland Pkwy/Dumont St 9 4,769 18.87
31 14 Flamingo Rd/Boulder Hwy 8 13,871 5.77
32 20 LM Blvd: McCarran St to Belmont St 15 5,657 26.52
33 32 Sahara Ave/Decatur Blvd 9 13,891 6.48
34 34 Tropicana Ave/Spencer St 6 9,856 6.09
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Crash Index based on Weighted Age 
Another way to quantify pedestrian safety is to consider pedestrian crashes based on the 
age distribution of the pedestrians. In order to estimate the crash rate based on age 
distribution, crashes involving pedestrians are grouped based on age of pedestrians. In 
order to estimate the age distribution of the pedestrians in the vicinity of a site, the age 
distribution for the population in the vicinity is determined. Issues associated with 
determining population estimates and its age distributions were discussed in detail in 
Chapters 4 and 5. While determining the Crash Indices based on population, all age
groups are given equal weight. But various studies revealed that the safety of the
pedestrians vary with age. For example, in the same situation, the reaction of a child will 
be different than that of an adult or an elderly person. Since the way in which the 
pedestrians react to a situation is important in pedestrian crashes, these Crash Indices 
have to be assigned weights according to the age groups. But unfortunately, there are not 
many books or papers discussing the relationship between vulnerability of pedestrians to 
crashes and age of pedestrians. But there has been some research in the direction of 
relating age of the drivers to their driving behavior or safety. Evans (1991) states that 
once age exceeds 2 0  years, fatality risk grows at an approximately uniform rate of 2 .3  
percent per year for males and 2 percent per year for females. Using these values, a 
model was developed to show the relative risk that people of a particular age face for 
similar crashes to those involving people of age 20 years for different genders. They are 
shown in equations 4 and 5.
Rmaies(A) = 0.630 exp (0.0231 A ) ........................................................................... (7)
Rfemaies(A) = 0.877 exp (0.0197 A ) ........................................................................... (8 )
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for A > 20, R is the fatality risk corresponding to age A in years
Using equations (4) and (5), risk factors were determined for people with age 55 years. 
The average value of risk factor is calculated as 2.42, considering both male and female 
risk factors. Though equations (4) and (5) model the risk for older people, these cannot 
be used to get the relative risk values for young people less than 18 years in age. 
Younger people are prone to crashes because of their carelessness. But there has not 
been any research showing the relationship of carelessness with age of people. Therefore 
for this study, the value of risk factor for younger people is given the same value, 2.42, as 
that for people over 55 years. Assuming the same crash characteristics for motorists and 
pedestrians, these risk factors can be used as weights for the corresponding age groups, 
giving a weight of 1 for the people with age between 18 and 55 years. Here the crash rate 
for a particular site is calculated using the equation:
Crash Rate 4 = Wi x Crash Rate<ig + W2 x Crash Rateigto54 + W3 x Crash Rate>54
.................................... (9)
where, Wi = Weight for age less than 18 years = 2.42
W2 = Weight for age between 18 and 55 years = 1, and
W3 = Weight for age greater than 55 years = 2.42
Table 35 shows the ranking of the sites based Crash Indices depending on the age 
distributions of the pedestrians.
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TABLE 35 Rankings and Crash Indices based on Age Group
Rank Site# Location
Crash Rate for Age Groups Crash 
Index 4<18 18-54 >54
1 19 Lake Mead Blvd/Pecos Rd 6.49 4.61 2.33 25.97
2 30 Maryland Pkwy/Tropicana Ave 4.95 4.11 2.12 21.23
3 23 Las Vegas Blvd/Riviera Blvd 1.47 1.87 4.04 15.20
4 2 Bonanza Rd/F St 0.00 1.71 2.99 8.95
5 21 Las Vegas Blvd/Fremont St 0.61 1.00 2.65 8.89
6 26 Maryland Pkwy/Flamingo Rd 1.41 2.70 0.93 8.35
7 20 Lake Mead Blvd: McCarran St to Belmont St 1.79 1.29 1.00 8.03
8 10 Desert Inn Rd/Boulder Highway 0.70 3.58 1.03 7.76
9 15 Flamingo Rd/Koval Lane 0.52 3.81 1.03 7.58
10 1 Bonanza Rd/D St 0.00 0.73 2.49 6.76
11 22 Las Vegas Blvd/Lake Mead Dr 1.44 2.13 0.47 6.75
12 6 Charleston Blvd/Nellis Blvd 1.06 2.33 0.62 6.39
13 28 Maryland Pkwy/Sahara Ave 0.37 2.03 1.40 6.31
14 9 Decatur Blvd/Washingon Ave 1.92 0.29 0.51 6.17
15 13 Flamingo Rd / Paradise Rd 0.51 3.80 0.46 6.16
16 5 Charleston Blvd/Las Vegas Blvd 0.00 3.43 1.06 5.99
17 32 Sahara Ave/Decatur Blvd 1.08 3.27 0.00 5.90
18 8 Decatur Blvd/Meadows Lane 1.02 0.72 1.08 5.78
19 25 Maryland Pkwy/Dumont St 1.93 0.15 0.39 5.77
20 31 Maryland Pkwy/Twain Rd 0.34 1.38 1.30 5.35
21 27 Maryland Pkwy/Karen Ave 0.59 0.99 1.02 4.89
22 29 Maryland Pkwy/Sierra Vista Dr 1.04 2.18 0.00 4.70
23 24 Maryland Pkwy/Desert Inn Rd 0.92 1.35 0.42 4.60
24 4 Charleston Blvd/Lamb Blvd 1.16 1.59 0.00 4.40
25 7 Charleston Blvd: Lucerne St to Lamont St 0.88 1.00 0.43 4.19
26 34 Tropicana Ave/Spencer St 0.24 0.67 0.96 3.57
27 33 Sahara Ave/Valley View Rd 0.17 1.10 0.85 3.57
28 3 Bonanza Rd/Las Vegas Blvd 0.00 1.21 0.96 3.54
29 16 Flamingo Rd/Nellis Blvd 0.89 0.71 0.26 3.48
30 17 Harmon Ave/Paradise Rd 0.00 1.33 0.85 3.40
31 11 Eastern Av/Charleston Blvd 0.50 1.13 0.25 2.95
32 14 Flamingo Rd/Boulder Hwy 0.35 0.78 0.46 2.74
33 12 Eastern Ave/Bonanza Rd 0.81 0.49 0.00 2.46
34 18 Lake Mead Blvd/McDaniel St 0.34 0.58 0.36 2JG
Ranking Based on Severity of Crashes 
Another way to identify high “risk” pedestrian location is by considering severity of 
crashes. Here, the fatal and serious injury crashes are used to determine a crash index. 
TRC-UNLV (2002) explained a crash index to rank high pedestrian crash locations based
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on severity of crashes. It is expressed in equation (10). Here the length of street is the 
length of the street which lies within the buffered area around the location. For an 
intersection location the length is considered as 800 ft (four times the buffer radius), and 
for the mid-block locations, it the length of the corridor plus number of intersections 
times buffer distance.
Crash Index 5 =
# Fed Crashes (# Fatal Fed Crashes) + (# Severe Injury Fed Crashes)
Length of Street_______________ Length of Street_____________________
100
 (10)
The advantage of this ranking method is that it gives priority to the locations with more 
fatal and serious injury pedestrian crashes. This ranking could be made even more 
effective by using lane miles within the buffer instead of street length. The ranks for the 
selected 34 high “risk” pedestrian locations are shown in Table 36. Injury type 
descriptions are given in the crash data. Here, injury type ‘A" designates a serious visible 
bleeding injury such as a compound fracture or large gaping wound. The victim, in this 
case, must be transported for medical treatment.
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TABLE 36 Ranking Based on Severity of Crashes
Rank Site# Location
Total# of Fed 
Crashes
Crash Severity Injury 
Type A
Length of 
Street (ft)
Crash 
Index 5Fatal Injury
1 6 Charleston Blvd/Nellis Blvd 21 0 21 6 800 54.89
2 30 Maryland Pkwy/Tropicana Ave 20 0 20 6 800 52.27
3 23 LV Blvd/Riviera Blvd 22 0 22 5 800 47.92
4 26 Maryland Pkwy/Flamingo Rd 26 0 26 4 800 45.30
5 21 LV Blvd/Fremont St 17 1 16 5 800 44.43
6 13 Flamingo Rd / Paradise Rd 15 0 15 6 800 39.20
7 5 Charleston Blvd/LV Blvd 14 1 13 5 800 36.59
8 22 LV Blvd/Lake Mead Dr 14 0 14 5 800 30.49
9 15 Flamingo Rd/Koval Lane 18 0 18 3 800 23.52
10 18 LM Blvd/McDaniel St 10 0 10 5 800 21.78
11 4 Charleston Blvd/Lamb Blvd 12 0 12 4 800 20.91
12 11 Eastern Av/Charleston Blvd 11 0 11 4 800 19.17
13 28 Maryland Pkwy/Sahara Ave 14 1 13 2 800 18.30
14 2 Bonanza Rd/F St 7 2 5 3 800 15.25
15 29 Maryland Pkwy/Sierra Vista Dr 17 0 17 2 800 14.81
16 12 Eastern Ave/Bonanza Rd 8 1 7 3 800 13.94
17 31 Maryland Pkwy/Twain Rd 16 0 16 2 800 13.94
18 7 Charleston Blvd: Lucerne St to Lamont St 10 0 10 2 650 13.20
19 17 Harmon Ave/Paradise Rd 10 0 10 3 800 13.07
20 8 Decatur Blvd/Meadows Lane 7 0 7 4 800 12.20
21 10 Desert Inn Rd/Boulder Highway 14 0 14 2 800 12.20
22 16 Flamingo Rd/Nellis Blvd 9 0 9 3 800 11.76
23 9 Decatur Blvd/Washingon Ave 7 0 7 3 800 9.15
24 24 Maryland Pkwy/Desert Inn Rd 19 0 19 1 800 8.28
25 3 Bonanza Rd/Las Vegas Blvd 9 0 9 2 800 7.84
26 25 Maryland Pkwy/Dumont St 9 0 9 2 800 7.84
27 27 Maryland Pkwy/Karen Ave 9 0 9 2 800 7.84
28 33 Sahara Ave/Valley View Rd 9 1 8 1 800 7.84
29 14 Flamingo Rd/Boulder Hwy 8 0 8 2 800 6.97
30 19 LM Blvd/Pecos Rd 15 0 15 1 800 6.53
31 20 LM Blvd: McCarran St to Belmont St 15 0 15 6 2,375 4.45
32 1 Bonanza Rd/D St 4 1 3 0 800 1.74
33 32 Sahara Ave/Decatur Blvd 9 0 9 0 800 0.00
34 34 Tropicana Ave/Spencer St 6 0 6 0 800 0.00
Ranking Based on Weighted Crash Severity 
In the crash severity method explained in the previous section, both fatal and serious 
injury crashes were assigned same weight. But, fatal crashes differ significantly from 
any sort of injury crashes. Hence, in order to identify high “risk” locations, they have to
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be differentiated, by assigning proper weight factor. Here another measure. Crash Rate 
based on weighted crash severity is computed by multiplying the total number of 
pedestrian crashes in the zone per mile by a weighting factor and then dividing it by 1 0 0 . 
TRC-UNLV (2002) used values of 5 and 3 for fatal and severe injury crashes respectively 
to rank high crash locations. The weighted factor is computed by dividing the total 
number of fatal pedestrian crashes times 5 and severe injury crashes times 3 by the length 
of the corridor. This crash rate is mathematically represented using the equation (11). 
Crash Index 6  =
# Fed Crashes (5 x # Fatal Fed Crashes) + (3 x # Severe Injury Fed Crashes)
Length of Street_______________ Length of Street___________________________
100
 ( 11)
By providing weights, the locations with more number of fatal and severe injuries are 
expected to show higher ranks. These assigned weights could be changed based on the 
estimated value each crash costs. Table 37 shows the Crash Indices based on weighted 
crash severity and corresponding ranks for the selected 34 high “risk” pedestrian 
locations.
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TABLE 37 Ranking Based on Weighted Crash Severity
Total #  of Fed C rash  Severity Injury  
Type A
Length of 
Street (ft)
C rash
R ank Site# Location Crashes Fatal Iiyury Index 6
1 6 Charleston Blvd/Nellis Blvd 21 0 21 6 800 164.66
2 30 Maryland Pkwy/Tropicana Ave 20 0 20 6 800 156.82
3 21 LV Blvd/Fremont St 17 1 16 5 800 148.10
4 23 LV Blvd/Riviera Blvd 22 0 22 5 800 143.75
5 26 Maryland Pkwy/Flamingo Rd 26 0 26 4 800 135.91
6 5 Charleston Blvd/LV Blvd 14 1 13 5 800 121.97
7 13 Flamingo Rd /  Paradise Rd 15 0 15 6 800 117.61
8 22 LV Blvd/Lake Mead Dr 14 0 14 5 800 91.48
9 15 Flamingo Rd/Koval Lane 18 0 18 3 800 70.57
10 28 Maryland Pkwy/Sahara Ave 14 1 13 2 800 67.08
11 18 LM Blvd/McDaniel St 10 0 10 5 800 65.34
12 4 Charleston Blvd/Lamb Blvd 12 0 12 4 800 62.73
13 2 Bonanza Rd/F St 7 2 5 3 800 57.93
14 11 Eastern Av/Charleston Blvd 11 0 11 4 800 57.50
15 12 Eastern Ave/Bonanza Rd 8 1 7 3 800 48.79
16 29 Maryland Pkwy/Sierra Vista Dr 17 0 17 2 800 44.43
17 31 Maryland Pkwy/Twain Rd 16 0 16 2 800 41.82
18 7 Charleston Blvd: Lucerne St to Lamont St 10 0 10 2 650 39.59
19 17 Harmon Ave/Paradise Rd 10 0 10 3 800 39.20
20 8 Decatur Blvd/Meadows Lane 7 0 7 4 800 36.59
21 10 Desert Inn Rd/Boulder Highway 14 0 14 2 800 36.59
22 16 Flamingo Rd/Nellis Blvd 9 0 9 3 800 35.28
23 33 Sahara Ave/Valley View Rd 9 1 8 1 800 31.36
24 9 Decatur Blvd/Washingon Ave 7 0 7 3 800 27.44
25 24 Maryland Pkwy/Desert Inn Rd 19 0 19 1 800 24.83
26 3 Bonanza Rd/Las Vegas Blvd 9 0 9 2 800 23.52
27 25 Maryland Pkwy/Dumont St 9 0 9 2 800 23.52
28 27 Maryland Pkwy/Karen Ave 9 0 9 2 800 23.52
29 14 Flamingo Rd/Boulder Hwy 8 0 8 2 800 20.91
30 19 LM Blvd/Pecos Rd 15 0 15 1 800 19.60
31 20 LM Blvd: McCarran St to Belmont St 15 0 15 6 2,375 13.34
32 1 Bonanza Rd/D St 4 I 3 0 800 8.71
33 32 Sahara Ave/Decatur Blvd 9 0 9 0 800 0.00
34 34 Tropicana Ave/Spencer St 6 0 6 0 800 0.00
Sensitivitv Analvsis for Ranking based on Weighted Crash Severitv Rankings 
Tables 36 and 37 show the ranks for the sites based on severe crashes and weighted 
severe crashes. As can be seen from these tables, the ranks for the locations show a slight
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change by assigning the weights of 5 and 3 for fatal and severe injury crashes 
respectively. But Hallmark, et al (2002) used weights of 400 and 60 for fatal and injury 
crashes respectively, which are equivalent to 20 and 3 respectively. In order to determine 
the range of weights that can be assigned to fatal crashes, a sensitivity analysis was 
performed on the weighted crash severity method, by keeping the weight of injury crash 
constant value of 3 and changing the weight of fatal crashes from 5 to 25. The results 
are shown in Table 38. In this table, the ranks are assigned based on the weight 
combination of 5 and 3 for the fatal and injury crashes respectively.
I l l
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE 38 Result of Sensitivity Analysis
Rank
Sites Based on Weight Combination (Fatal, Severe Injury)
(5,3) (10,3) (15,3) (20,3) (25,3)
1 6 21 21 21 21
2 30 6 5 5 5
3 21 30 6 6 28
4 23 5 30 28 2
5 26 23 23 30 6
6 5 26 26 2 30
7 13 13 28 23 23
8 22 28 2 26 26
9 15 22 13 13 12
10 28 2 22 12 13
11 18 15 12 22 33
12 4 12 15 33 22
13 2 18 33 15 15
14 11 4 18 18 18
15 12 11 4 4 4
16 29 33 11 11 11
17 31 29 29 29 29
18 7 31 31 31 1
19 17 7 7 7 31
20 8 17 17 17 7
21 10 8 8 8 17
22 16 10 10 10 8
23 33 16 16 16 10
24 9 9 9 1 16
25 24 24 1 9 9
26 3 3 24 24 24
27 25 25 3 3 3
28 27 27 25 25 25
29 14 14 27 27 27
30 19 19 14 14 14
31 20 1 19 19 19
32 1 20 20 20 20
33 32 32 32 32 32
34 34 34 34 34 34
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Considering the weight combination (5, 3) as base condition, the number of high ranked 
location which fall outside the base combination are shown in Table 39. The same 
information is shown as percent in Table 40.
TABLE 39 Result of Sensitivity Analysis
Combination 
(Fatal, Severe Ini) Top 5 Top 10 Top 15 Top 20
(10,3) 1 1 0 1
(15,3) 1 1 1 1
(20,3) 2 2 1 1
(25,3) 3 2 1 2
TABLE 40 Result of Sensitivity Analysis (Percent)
Combination 
(Fatal, Severe Inj) Top 5 Top 10 Top 15 Top 20
(10,3) 20% 10% 0% 5%
(15,3) 20% 10% 7% 5%
(20, 3) 40% 20% 7% 5%
(25,3) 60% 20% 7% 10%
Tables 40 shows that the ranking of top 20 high “risk” pedestrian locations did not 
change more than 5 percent for all different weights of 10, 15, and 20 for fatal crashes, 
and 10 percent for a weight of 25. Considering top 5 high “risk” pedestrian locations 
shows that the 20 percent of the top 5 locations change ranks for weights 10 and 15 for 
fatal crashes and 40 and 60 for weights of 20 and 25 for fatal crashes respectively. 
Tables 40 and 41 show that the ranking of high “risk” pedestrian locations are not much
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affected by assigning fatal crashes a weight of value between 5 and 20. But after 20, the 
top 5 sites show a drastic change.
Crash Index Based on Weighted Severity and Population 
As mentioned in previous section on crash rate based on population, the number of 
crashes does not make any sense without considering the pedestrian activity or presence 
in the surrounding area. In order to account for crash rate based on severity and 
pedestrian activity, a crash rate is developed by dividing the crash rate based on weighted 
severity by 10,000 populations. It can be expressed as:
Crash Index 7 = 10,000 x
# Ped Crashes (5 x # Fatal Ped Crashes) + (3 x # Severe Injury Ped Crashes)
Length of Street_______________ Length of Street___________________________
100 X Population
 (11)
The ranking of the locations are shown in Table 41. One of the disadvantages of using 
this method is that traffic volume at the locations is not taken into consideration. 
Similarly, age of the pedestrian involved in the crashes also was not considered to rank 
the locations.
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TABLE 41 Ranking Based on Weighted Severity and Population
Rank S ite# Location
Total # of 
Ped Crashes
Crash Severity
Length of 
S treet (ft) Population
C rash 
Index 7Fatal Iigury
In jury  
Type A
1 30 Maryland Pkwy/Tropicana Ave 20 0 20 6 800 4.769 328.80
2 23 Las Vegas Blvd/Riviera Blvd 22 0 22 5 800 6.435 223.40
3 2 Bonanza Rd/F St 7 2 5 3 800 2,627 220.57
4 5 Charleston Blvd/Las Vegas Blvd 14 1 13 5 800 6,772 180.11
5 21 Las Vegas Blvd/Fremont St 17 1 16 5 800 11,769 125.84
6 6 Charleston BIvd/Nellis Blvd 21 0 21 6 800 14,264 115.44
7 22 Las Vegas Blvd/Lake Mead Dr 14 0 14 5 800 8,087 113.11
8 26 Maryland Pkwy/Flamingo Rd 26 0 26 4 800 14,418 94.26
9 13 Flamingo Rd/Boulder Hwy 8 0 15 6 800 9,294 67.49
10 28 Maryland Pkwy/Sahara Ave 14 1 13 2 800 10,070 66.62
11 4 Charleston Blvd/Lamb Blvd 12 0 12 4 800 10,420 60.20
12 10 Desert Inn Rd/Boulder Highway 14 0 14 2 800 6,153 59.47
13 8 Decatur Blvd/Meadows Lane 7 0 7 4 800 6,803 53.79
14 19 Lake Mead Blvd/Pecos Rd 15 0 15 1 800 3,960 49.50
15 16 Flamingo Rd/Paradise Rd 15 0 9 3 800 12,494 47.07
16 12 Eastern A ve/Charleston Blvd 11 1 7 3 800 14,578 46.02
17 17 Harmon Ave/Paradise Rd 10 0 10 3 800 9,132 42.93
18 15 Flamingo Rd/Nellis Blvd 9 0 18 3 800 8,902 39.64
19 14 Flamingo Rd/Koval Lane 18 0 8 2 800 12.263 38.36
20 29 Maryland Pkwy/Sierra Vista Dr 17 0 17 2 800 12,910 34.42
21 9 Decatur BlvdAVashingon Ave 7 0 7 3 800 8,190 33.51
22 18 Lake Mead Blvd/McDaniel St 10 0 10 5 800 19,760 33.07
23 3 Bonanza Rd/Las Vegas Blvd 9 0 9 2 800 7,690 30.59
24 31 Maryland Pkwy/Twain Rd 16 0 16 2 800 13,871 30.15
25 11 Eastern Ave/Bonanza Rd 8 0 11 4 800 14,081 29.70
26 7 Charleston Blvd: Lucerne St to Lament St 10 0 10 2 650 13,765 28.76
27 1 Bonanza Rd/D St 4 1 3 0 800 3,092 28.18
28 33 Sahara Ave/Valley View Rd 9 1 8 1 800 13,891 22.58
29 27 Maryland Pkwy/Karen Ave 9 0 9 2 800 10,932 21.52
30 24 Maryland Pkwy/Desert Inn Rd 19 0 19 1 800 14,136 17.56
31 25 Maryland Pkwy/Dumont St 9 0 9 2 800 13,479 17.45
32 20 Lake Mead Blvd: McCarran St to Belmont St 15 0 15 6 2,375 13,065 10.21
33 32 Sahara A ve/Decatur Blvd 9 0 9 0 800 5,657 0.00
34 34 Tropicana Ave/Spencer St 6 0 6 0 800 9.856 0.00
Crash Index Based on Weighted Severity and Traffic Volume 
As previously discussed, the crashes at any locations are also related to the vehicular 
traffic volume. A way to incorporate the traffic volume to severe crashes would be to 
divide the crash rate based on weighted severity by average daily traffic at the locations. 
It can be expressed as:
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Crash Index 8 = 10,000 x
# Ped Crashes (5 x # Fatal Ped Crashes) + (3 x # Severe Injury Ped Crashes)
Length of Street_______________ Length of Street___________________________
100 X ADT
 (12)
The ranking of the locations are shown in Table 42. The disadvantage with this method 
is that, it does not consider population or its age distribution to rank the high “risk” 
pedestrian locations.
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TABLE 42 Ranking Based on Weighted Severity and ADT
Rank Site# Location
Total# 
of Ped 
Crashes
Crash
Severity
Injury 
Type A
Length 
of Street 
(ft)
ADT
Fatal Injury Street 1 Street 2
Crash 
Index 8
1 6 Charleston Blvd/Nellis Blvd 21 0 21 6 800 45,000 49,400 36.59
2 21 Las Vegas Blvd/Fremont St 17 1 16 5 800 31,000 12,400 34.13
3 2 Bonanza Rd/F St 7 2 5 3 800 22,900 1,500 23.74
4 22 Las Vegas Blvd/Lake Mead Dr 14 0 14 5 800 4,300 39,000 21.13
5 30 Maryland Pkwy/Tropicana Ave 20 0 20 6 800 18,000 61,000 19.85
6 23 Las Vegas Blvd/Riviera Blvd 22 0 22 5 800 63,000 12,000 19.17
7 5 Charleston Blvd/Las Vegas Blvd 14 1 13 5 800 37,000 32,000 17.68
8 18 Lake Mead Blvd/McDaniel St 10 0 10 5 800 37,000 2,200 16.67
9 26 Maryland Pkwy/Flamingo Rd 26 0 26 4 800 36,000 55,000 14.93
10 13 Flamingo Rd/Boulder Hwy 8 0 15 6 800 28,000 26,000 11.62
11 17 Harmon Aye/Paradise Rd 10 0 10 3 800 3,000 35,000 10.32
12 12 Eastern Aye/Charleston Blvd 11 1 7 3 800 34,000 32,000 10.16
13 7 Charleston Blvd: Lucerne St to Lament St 10 0 10 2 650 45,000 NA 8.80
14 15 Flamingo Rd/Nellis Blyd 9 0 18 3 800 28,000 18,200 7.64
15 4 Charleston Blyd/Lamb Blvd 12 0 12 4 800 45,000 39,000 7.47
16 28 Maryland Pkwy/Sahara Aye 14 1 13 2 800 43,000 52,700 7.01
17 31 Maryland Pkwy/Twain Rd 16 0 16 2 800 43,000 20,000 6.64
18 8 Decatur Blvd/Meadows Lane 7 0 7 4 800 53,000 6,000 6.20
19 29 Maryland Pkwy/Sierra Vista Dr 17 0 17 2 800 42,000 30,000 6.17
20 11 Eastern Ave/Bonanza Rd 8 0 11 4 800 53,000 20,600 5.68
21 14 Flamingo Rd/Koval Lane 18 0 8 2 800 55,500 31,000 5.44
22 25 Maryland Pkwy/Dumont St 9 0 9 2 800 43,000 1,000 5.35
23 16 Flamingo Rd/Paradise Rd 15 0 9 3 800 70,000 43,000 5.20
24 3 Bonanza Rd/Las Vegas Blvd 9 0 9 2 800 18,000 28,000 5.11
25 10 Desert Irm Rd/Boulder Highway 14 0 14 2 800 34,000 41,000 4.88
26 20 Lake Mead Blvd: McCarran St to Belmont St 15 0 15 6 2,375 31,000 NA 4.30
27 27 Maryland Pkwy/Karen Aye 9 0 9 2 800 43,000 13,000 4.20
28 9 Decatur Blyd/Washingon Aye 7 0 7 3 800 53,000 14,000 4.10
29 33 Sahara Aye/Valley View Rd 9 1 8 1 800 50,500 30,000 3.90
30 1 Bonanza Rd/D St 4 1 3 0 800 22,900 800 3.68
31 19 Lake Mead Blvd/Pecos Rd 15 0 15 1 800 37,000 21,400 3.36
32 24 Maryland Pkwy/Desert Inn Rd 19 0 19 1 800 42,000 38,000 3.10
33 32 Sahara Aye/Decatur Blyd 9 0 9 0 800 50,500 46,000 0.00
34 34 Tropicana Ave/Spencer St 6 0 6 0 800 61,000 6,900 0.00
Crash Rate Based on Weighted Severity, Population, and Traffic Volume 
Pedestrian crashes at any location depend equally on pedestrian activity in the 
surrounding area and traffic volume on the street. In order to give consider severity of 
crashes, pedestrian activity, and traffic volume, crash rate based on weighted severity is
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divided by population in the surrounding area and traffic volume on the streets. It can be 
expressed as:
Crash Index 9 =
# Ped Crashes (5 x # Fatal Ped Crashes) + (3 x # Severe Injury Ped Crashes)
Length of Street_______________ Length of Street___________________________
100 X ADT X Population
10,000 X 10,000
 (13)
Ranking of locations are shown in Table 43. The main disadvantage with this method is 
that it does not consider age of pedestrian involved in the crashes.
Ranking Based on Composite Ranking 
There are nine Crash Indices discussed so far. Most of the selected locations showed 
different ranks for these different Crash Indices. As have mentioned in the previous 
sections, each of these ranking methods have its own advantages and disadvantages. 
Since none of the above mentioned Crash Indices and hence rankings takes into 
consideration, total number of crashes, population, age distribution, severity, and traffic 
volume, a composite ranking method is developed. It is shown in equation (14)
Crash Index 10 = (0.33 x Rank I) + (0.33 x Rank 2) + (0.33 x Rank 3) ...................... (14)
where,
Rank I is the Rank of a high “risk” pedestrian location based on crash frequency method, 
Rank 2 is the rank of a location based on crash rate with weighted age, and 
Rank 3 is the rank based on crash rate with weighted severity per vehicular traffic.
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The advantage of using composite ranking is that it takes most of the important factors in 
terms of pedestrian safety. Table 44 shows the rankings of selected high “risk” 
pedestrian locations.
TABLE 43 Ranking Based on Weighted Severity, Population, and Traffic Volume.
Rank Site# Location
Total # of 
Ped Crashes
Crash Severity
Length of 
Street (ft) Crash Index 9Fatal Injury
Injury 
Type A
1 2 B onanza R d/F  St 7 2 5 3 800 90.40
2 30 M aryland Pkw y/Tropicana A ve 20 0 20 6 800 41.62
3 23 Las V egas B lvd/R iviera B lvd 22 0 22 5 800 29.79
4 21 Las V egas B lvd/Frem ont St 17 1 16 5 800 29.00
5 22 Las V egas B lvd/Lake M ead D r 14 0 14 5 800 26.12
6 5 Charleston B lvd/Las V egas B lvd 14 1 13 5 800 26.10
7 6 Charleston B lvd/N ellis B lvd 21 0 21 6 800 25.65
8 13 Flam ingo R d/B oulder H w y 8 0 15 6 800 12.50
9 1 Bonanza R d/D  St 4 1 3 0 800 11.89
10 17 H arm on A ve/Paradise Rd 10 0 10 3 800 11.30
11 26 M aryland Pkw y/Flam ingo Rd 26 0 26 4 800 10.36
12 8 D ecatur B lvd/M eadow s Lane 7 0 7 4 800 9.12
13 15 Flam ingo R d/N ellis Blvd 9 0 18 3 800 8.58
14 19 Lake M ead B lvd/Pecos Rd 15 0 15 1 800 8.48
15 18 Lake M ead B lvd/M cD aniel St 10 0 10 5 800 8.44
16 10 D esert Inn R d/B oulder H ighw ay 14 0 14 2 800 7.93
17 4 Charleston B lvd/Lam b B lvd 12 0 12 4 800 7.17
18 12 Eastern A ve/Charleston B lvd 11 1 7 3 800 6.97
19 28 M aryland Pkw y/Sahara A ve 14 1 13 2 800 6.96
20 3 B onanza R d/Las V egas B lvd 9 0 9 2 800 6.65
21 7 C harleston Blvd: Lucerne S t to Lam ont St 10 0 10 2 650 6.39
22 9 D ecatur B lvd/W ashingon A ve 7 0 7 3 800 5.00
23 31 M aryland Pkw y/Tw ain R d 16 0 16 2 800 4.79
24 29 M aryland Pkw y/Sierra V ista  D r 17 0 17 2 800 4.78
25 14 Flam ingo Rd/K oval Lane 18 0 8 2 800 4.43
26 16 Flam ingo Rd/Paradise R d 15 0 9 3 800 4.17
27 11 Eastern A ve/Bonanza R d 8 0 11 4 800 4.04
28 25 M aryland Pkw y/D um ont St 9 0 9 2 800 3.97
29 27 M aryland Pkw y/K aren A ve 9 0 9 2 800 3.84
30 20 Lake M ead Blvd: M cC arran S t to  B elm ont St 15 0 15 6 2,375 3.29
31 33 Sahara A ve/V alley V iew  Rd 9 1 8 1 800 2.80
32 24 M aryland Pkw y/D esert lim  Rd 19 0 19 1 800 2.20
33 32 Sahara A ve/D ecatur Blvd 9 0 9 0 800 0.00
34 34 T ropicana A ve/Spencer St 6 0 6 0 800 0 .00
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TABLE 44 Ranking Based on Composite Rankings
Rank Site# Location Rank 1 Rank 2 Rank 3
Crash 
Index 10
1 30 Maryland Pkwy/Tropicana Ave 4 2 5 3.67
2 23 Las Vegas Blvd/Riviera Blvd 2 3 6 3.67
3 21 Las Vegas Blvd/Fremont St 8 5 2 5.00
4 6 Charleston Blvd/Nellis Blvd 3 12 1 5.33
5 26 Maryland Pkwy/Flamingo Rd 1 6 9 5.33
6 15 Flamingo Rd/Koval Lane 6 9 14 9.67
7 22 Las Vegas Blvd/Lake Mead Dr 16 11 4 10.33
8 13 Flamingo Rd / Paradise Rd 10 15 10 11.67
9 5 Charleston Blvd/Las Vegas Blvd 13 16 7 12.00
10 2 Bonanza Rd/F St 30 4 3 12.33
11 19 Lake Mead Blvd/Pecos Rd 12 1 31 14.67
12 20 Lake Mead Blvd: McCarran St to Belmont St 11 7 26 14.67
13 28 Maryland Pkwy/Sahara Ave 15 13 16 14.67
14 31 Maryland Pkwy/Twain Rd 9 20 17 15.33
15 10 Desert Inn Rd/Boulder Highway 14 8 25 15.67
16 29 Maryland Pkwy/Sierra Vista Dr 7 22 19 16.00
17 4 Charleston Blvd/Lamb Blvd 17 24 15 18.67
18 7 Charleston Blvd: Lucerne St to Lamont St 19 25 13 19.00
19 24 Maryland Pkwy/Desert Inn Rd 5 23 32 20.00
20 17 Harmon Ave/Paradise Rd 20 30 11 20.33
21 18 Lake Mead Blvd/McDaniel St 21 34 8 21.00
22 8 Decatur Blvd/Meadows Lane 31 18 18 22.33
23 25 Maryland Pkwy/Dumont St 27 19 22 22.67
24 11 Eastern Av/Charleston Blvd 18 31 20 23.00
25 27 Maryland Pkwy/Karen Ave 24 21 27 24.00
26 12 Eastern Ave/Bonanza Rd 28 33 12 24.33
27 9 Decatur Blvd/W ashingon Ave 32 14 28 24.67
28 3 Bonanza Rd/Las Vegas Blvd 22 28 24 24.67
29 1 Bonanza Rd/D St 34 10 30 24.67
30 16 Flamingo Rd/Nellis Blvd 23 29 23 25.00
31 32 Sahara Ave/Decatur Blvd 25 17 33 25.00
32 33 Sahara Ave/Valley View Rd 26 27 29 27.33
33 14 Flamingo Rd/Boulder Hwy 29 32 21 27.33
34 34 Tropicana Ave/Spencer St 33 26 34 31.00
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CHAPTER 7
SUMMARY AND CONCLUSIONS 
Summary
The purpose of this study was to determine different methods to quantify 
pedestrian safety and hence, to rank pedestrian “high” risk locations. Ten methods 
considering different aspects of safety were developed using crash data from Clark 
County, Nevada. Crash indices were developed based on number of crashes, pedestrian 
exposure to vehicular traffic, age distribution of the proximate population, and severity of 
crashes. A GIS based software program was used to estimate population in the proximity 
of high crash locations and its age distribution. It is seen that the rankings of the 
locations vary for different ranking approaches. Table 45 shows ranking for the sites 
based on the different methods. As can be seen from the table, while the rankings of the 
location change to some extent based on the method of rankings, overall, the locations 
ranked as high risk locations, remain in the top 1 0  ranked locations regardless of the 
method used.
Conclusions
Ideally, the ranking method should be based on the crash issue of the area and the 
availability of crash data. For locations where only crash data are available and if it is 
difficult to determine the population estimates, and if it is a location where the traffic data
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Site# Location
R ank  Based on
Crash Index 1 Crash Index 2 Crash Index 3 Crash Index 4 Crash Index 5 Crash Index 6 Crash Index 7 Crash Index 8 Crash Index 9 Crash Index 10
30 Maryland Pkwy/Tropicana Ave 4 11 1 2 2 2 1 5 2 1
23 Las Vegas Blvd/Riviera Blvd 2 4 3 3 3 4 2 6 3 2
21 Las Vegas Blvd/Fremont St 8 2 13 5 5 3 6 2 4 3
6 Charleston Blvd/Nellis Blvd 3 14 12 12 1 1 7 1 7 4
26 Maryland Pkwy/Flamingo Rd 1 6 8 6 4 5 9 9 11 5
15 Flamingo Rd/Koval Lane 6 20 7 9 9 9 10 14 13 6
22 Las Vegas Blvd/Lake Mead Dr 16 3 9 11 8 8 8 4 5 7
13 Flamingo Rd / Paradise Rd 10 25 10 15 6 7 5 10 8 8
5 Charleston Blvd/Las Vegas Blvd 13 18 6 16 7 6 4 7 6 9
2 Bonanza Rd/F St 30 5 4 4 14 13 3 3 I 10
19 Lake Mead Blvd/Pecos Rd 12 8 2 1 30 30 15 31 14 11
20 Lake Mead Blvd: McCarran St to Belmont St 11 1 21 7 31 31 32 26 30 12
28 Mæ-yland Pkwy/Sahara Ave 15 26 14 13 13 10 11 16 19 13
31 M aryland Pkwy/Twain Rd 9 10 19 20 17 17 23 17 23 14
10 Desert Inn Rd/Boulder Highway 14 21 5 8 21 21 13 25 16 15
29 Maryland Pkwy/Sierra Vista Dr 7 13 16 22 15 16 18 19 24 16
4 Charleston Blvd/Lamb Blvd 17 27 20 24 11 12 12 15 17 17
7 Charleston Blvd: Lucerne St to Lamont St 19 15 27 25 18 18 24 13 21 18
24 Maryland Pkwy/Desert Inn Rd 5 12 15 23 24 25 29 32 32 19
17 Harmon Ave/Paradise Rd 20 7 22 30 19 19 16 11 10 20
18 Lake Mead Blvd/McDaniel St 21 9 34 34 10 11 21 8 15 21
8 Decatur Blvd/Meadows Lane 31 29 23 18 20 20 14 18 12 22
25 Maryland Pkwy/Dumont St 27 17 29 19 26 27 30 22 28 23
11 Eastern Av/Charleston Blvd 18 31 26 31 12 14 17 20 27 24
27 Maryland Pkwy/Karen Ave 24 24 25 21 27 28 28 27 29 25
12 Eastern Ave/Bonanza Rd 28 23 33 33 16 15 20 12 18 26
9 DecaOir Blvd/Washingon Ave 32 32 24 14 23 24 19 28 22 27
3 Bonanza Rd/Las Vegas Blvd 22 19 18 28 25 26 22 24 20 28
1 Bonanza Rd/D St 34 22 17 10 32 32 26 30 9 29
16 Flamingo Rd/Nellis Blvd 23 28 28 29 22 22 25 23 26 30
32 Sahara Ave/Decatur Blvd 25 33 11 17 33 33 33 33 33 31
33 Sahara Ave/Valley View Rd 26 30 31 27 28 23 27 29 31 32
14 Flamingo Rd/Boulder Hwy 29 16 30 32 29 29 31 21 25 33
34 Tropicana Ave/Spencer St 33 34 32 26 34 34 34 34 34 34
are also not available, the best and easiest way to determine the crash locations is to 
follow crash frequency method. For locations where high vehicular traffic is expected to 
be a causal factor for pedestrian crashes, the ranking based on the crash rate with ADT 
would be ideal (crash index 2). The locations where the pedestrian activity is a big factor 
on pedestrian crashes, ranking method 3, based on crash index 3, with population would 
make sense. If more specific data pertaining to the pedestrian population such as age 
distribution are available, and if the crash database contains age distribution of the 
pedestrians involved in crashes, high “risk” locations can be ranked based on Crash 
Indices with age distribution. In this method, different weights for different age groups 
can be assigned based on the crash issue of the study area. For example, for a study with 
more number of crashes involving elderly pedestrians, higher weights can be assigned to 
Crash Indices involving this age group. For the last two methods, if data can be collected 
manually, these data can be used to determine the Crash Indices and hence for rankings 
the locations.
Crash Indices from 5 to 10 take severity of crashes into consideration to rank high 
“risk” pedestrian locations. The table shows that the top 10 high “risk” pedestrian 
locations remain the same for methods based on Crash Indices 5 to 10, which shows that, 
irrespective of the methodology followed, high “risk” pedestrian locations remain the 
same.
Recommendations for Future Work 
For this study, rankings were determined based on demographic characteristics, crash 
severity, and traffic volume. One important factor that might be interesting is to check
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the impact of land use in the surrounding area in ranking of high “risk” pedestrian 
locations, since most of the pedestrian activities are based on land use of the surrounding 
area. For example, malls, casinos, parks, and schools generally have significant 
pedestrian activity associated with them. Another important factor to consider is the 
impact of number of lanes of the streets at the locations. The more the number of lanes, 
the longer the time pedestrians takes to complete crossing the street. It would be 
interesting to check the relationship of crashes to the number of lanes. Though fatal 
crashes and crash severity were considered and were assigned weights, to come up with 
ranking of locations, another way to rank would be to rank the locations based on the 
value loss per locations. Value loss for a crash location can be calculated by assigning 
dollar value each crash costs in total. These costs could include the medical bill, 
insurance amount, salary loss, recovery cost, etc. Further, non-fatal and non-severe 
injury crashes were not considered in several of the crash indices. They too need to be 
accounted for in the rankings of high crash locations. Statistical analyses could be 
performed to evaluate the robustness of the different ranking methods.
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